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THE MEGALOBLAST-NORMOBLAST PROBLEM: A CYTOLOGIC 


STUDY 


Hat Downey, Pu.D.* 
MINNEAPOLIS, MINN. 


HE large collection of slides resulting from the sternal aspirations done at 
the Mayo Clinie in cases of pernicious anemia and on patients with some 


clinical or hematologic features suggestive of this disease gave us the oppor- 


tunity for detailed evtologie studies that we hoped would solve some of the 
numerous problems associated with the characteristic pathologie picture of the 


marrow in this disease. 
The general pathologie picture of this marrow during relapse and its nor- 


malization after specifie treatment have been deseribed by many authors with 
little difference of opinion. However, study of the detailed cytologic picture 


of marrow of pernicious anemia during complete relapse and in various phases 
of remission has resulted in many different interpretations of the types of cells 
present during relapse and beginning normalization, and of the origin and 


relations of these cells. Our study is devoted to these problems. 


We have no intention of reviewing the extensive literature on marrow of pernicious 
Extensive reviews have been pub- 


anemia because this has been done by several authors. 


lished by Jones (1938, 194381-83), Ferrata, Storti,64.65 Ferrata and Storti, Fiesehi,19 2° 


Scott, Naegeli, Fallon, Limarzi and Levinson, Dacie and White, Rohr (1949) ,54 Nordenson,47, 48 
Segerdahl, Chevallier, 7 Bilski-Pasquier, and others. However, we do wish to review 


papers which deal with the specific problems that have 


briefly a few of the significant 


interested us, 
Although the megalo-normoblast problem has been investigated and discussed ever since 


Ehrlich first proposed the name ‘*megaloblast’’ for the large nucleated red cells of per- 


nicious anemia, there are still a few questions concerning which there is no general agreement. 


Some still believe, with Ehrlich, that megaloblastosis is a reversion to the embryonic type 


of erythropoiesis and that megaloblasts are, therefore, identical with the primitive red cells 


of the embryo, However, since it has been shown that they differ from the latter in nuc’ear 


structure, basophilia of cytoplasm of the most primitive members of the series, chemistry 
and staining reaction of the hemoglobin, it seems that megaloblasts represent either a 
pathologic form of erythrocyte or a new generation of red cells which appear most frequently 
in the anemias due to deficiency of the liver factor, Both opinions are expressed in recent 
literature. 

Some believe that the most immature megaloblasts (promegaloblasts) also function 
as the eary progenitors of the normal series of developmental stages and are, therefore, to 
be found in small number in normal marrow. Normally they mature to normoblasts and 
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erythrocytes, but in pernicious anemia their maturation is disturbed, causing many or most 
of them to mature to megaloblasts and megalocytes. In certain stages of the disease their 
maturation is blocked, resulting in the accumulation in the bone marrow of a large number 
of promegaloblasts, or of even more primitive forms, the erythrogones of some authors. This 
is one of the most characteristie features of the marrow of pernicious anemia during 
extreme relapse when the erythrocyte count is very low. According to this hypothesis the 
primitive cel's, the promegaloblasts or erythrogones, will again mature to normoblasts after 
liver therapy, or they and the more differentiated megaloblasts will gradually transform to 
normoblasts through a series of transitional stages. 

Another view is that the most primitive forms of the red cell series are either promegalo 
blasts or pronormoblasts, and that there are no relations between the two except that both 
may be derived from myeloblasts. A modification of this hypothesis is the one which de 
rives the megaloblasts from cells of the reticulum or undifferentiated mesenchyme and the 
normoblasts from myeloblasts. In these latter two hypotheses there is no room for a primi 
tive ‘‘erythrogone’’ which, depending on conditions, can develop to either megaloblasts o1 
normoblasts. 

As Jones,3!. 33 Schartum-Hansen5s and Schulten have suggested, difference of opinion 
concerning the origin and relations of megaloblasts is due in part to confusion of terminologs 
rather than to differences of observation. Thus, some authors use the term ‘*‘megaloblast’’ 
for immature red cells which others would include with the normoblasts of normal marrow. 
According to Schulten, further difficulty is due to the use of the name for erythroblasts 
which are more primitive than either promegaloblasts or pronormoblasts. He stated that 
these primitive cells may occur in any marrow showing erythropoietic hyperplasia with shift 
to the left. They should not be called megaloblasts or pronormoblasts until they definitels 
ean be recognized as such, usually not until they have a trace of hemoglobin. They are the 
‘‘erythrogones’’ of Helly, Ellermann, Dameshek and Valentine, Henning and Keilhack, and 
others. Schulten and Schartum-Hansen56 prefer to name them ‘* proerythroblasts. 

Naegeli’s ‘‘proerythroblasts’’ were young pronormoblasts (his makroblasts) with 
nucleoli. This is another illustration of the use of the same term for different cells. How 
ever, it is likely that Naegeli and Schulten were seeing similar cells, for Naegeli admitted 
it may be difficult to distinguish between proerythroblasts and promegaloblasts, although the 
former never mature to megalocytes. 


ators have claimed the existence of a primitive basophilic cell, 


A number of investig: 
with leptochromatie nucleus and usually with irregular-shaped nucleoli, which functions as a 
stem cell for red cells, both normoblasts and megaloblasts, and which never develops to 
granulocytes or megakaryocytes. According to Schulten, this is the cell) whieh, when 
interpreted as a megaloblast, has caused so much difference of opinion. If such a cell exists 
and if, as claimed, it occurs in hyperplastic marrow of pernicious anemia and a variety of 
other diseases, it can be assumed that it is at least in part responsible for the hypotheses of 
Pappenheim,5! Sabin and Miller, Doan, Isaaes,27- 28 Osgood and Ashworth, and others who 
see direct relations between megaloblasts and normoblasts. 


Although Segerdahl (1935) used the name ‘*promegaloblast ’* for the voungest red cells 


of pernicious anemia in relapse, she could not distinguish them from pronormoblasts. Her 
voungest red cells correspond, therefore, to the erythrogones of others, at least in theory. 
Henning and Keilhack (1939) were also unable to distinguish the youngest pronormoblasts 
from promegaloblasts. They used the term ‘‘erythrogone’’ for the youngest red cells of 
pernicious anemia in relapse. They seem to assume that this cell is a stem cell for both lines 
of red cells, and that the two lines cannot be distinguished until they have developed beyond 
the early ‘‘pro’’ stage. A similar concept of the relations of the two lines of red cells has 
been expressed by Grawitz, Barta, Jaffé, and Israéls. 

Dameshek and Valentine (1937) have described and illustrated their primitive erythro 
blast in great detail. It is a very basophilic cell, generally large, with leptochromatic 
nucleus and irregular indistinct nucleoli. They stated that it is not confined to pernicious 
anemia marrow but may be found in any hyperplastic marrow with shift to the left in 
erythropoiesis, It is, therefore, an ‘‘erythrogone’’ which differs from myeloblasts and 


4 
= 
ive 


MEGALOBLAST-NORMOBLAST PROBLEM 839 


reticular cells but seems to be derived from the latter. In their opinion megaloblasts and 
normoblasts constitute separate independent lines which, however, converge in the erythro- 
gone. 

Joness!. 35,34 and most other authors who believe in the independence of the two series 
have seen the myeloblast as the stem cell for the two lines, while others, like Storti (1937, 
1939 )64,65 and Ferrata and Storti (1948), have derived the megaloblasts from indifferent 
mesenchyme (reticulum) and normoblasts from myeloblasts. Jones found the myelob’ast to 
be the usual stem cell for the two series, but in some cases they may develop directly from 
reticulum without passing through the myeloblast stage. He did not recognize an erythro- 
blast which serves as a common stem cell for both series. Barta, Fieschi (1940),20 Ferrata 
and Storti, Lambin and de Weerdt,2s and Schleicher5® also have ex 
pressed the belief that both lines may develop from the reticulum. 

Several investigators have noted hyperplasia of reticulum in bone marrow in some 
cases of pernicious anemia. Among these may be mentioned Rohr,>4 Dameshek and Valen- 
tine, Scott, Markoff, and Schleicher.5®  Rohr,54 Scott, and Dameshek and Valentine noted 
transformation of some of the free cells of the hyperplastic reticulum to promegaloblasts. 
Seott stated that many of the characteristics of the nucleus of the megaloblast are shared by 
that of the reticular cell, This was also noted by Haenel, who observed that this char 
acteristic nuclear pattern is retained to some extent in the later developmental stages. In 
his opinion this results from the loss of power for heteroplastic division of the young 
reticular cells which, therefore, mature gradually with retention of some of their original 
nuclear characters. Jones (1948)5% found that this type of nucleus can result from the 
reconstruction of the nuclear pattern after cells lave passed beyond the myeloblast stage, 
so that it does not necessarily signify reticular origin of the cell, Jones saw a reticular 
origin for some megaloblasts, but expressed the belief that the majority are derived from 
myeloblasts. The early developmental stages resulting from this double origin of megalo 
blasts are illustrated on the colored plate of his section in Downey's Handbook of Hematology. 
Introzzi also emphasized the occurrence of two types of young megaloblasts having nuclear 
characters similar to those of the myeloblasts or reticular cells from which they originate. 
He presented a colored plate to illustrate the development from reticulum, 

Berman, Jacobson and Vonder Heide expressed the belief that the deficiency state 
responsible for megaloblastosis may oceur at the myeloblast level or that it may affeet the 
reticulum, as claimed by Schleicher, Schleicher’ derived both cell lines from the reticulum 
and expressed the belief that in pernicious anemia the reticulum of the marrow is involved 
in the pathologic process, and that it is this functionally altered reticulum which differentiates 
to promegaloblasts. Some normal erythrogenic reticulum remains as a source of pronormo- 
blasts after specific treatment. In the marrow, therefore, the primary effeet of the disease 
is on the reticulum, which results in the formation of pathologic granulocytes as well as red 
cells, 

Some authors seem to regard only the earliest primitive erythroblasts as megaloblasts 
(Doan, Cunningham and Sabin; Isaaes;27-2s Osgood and Ashworth [Atlas]; Young and 
Osgood; Vogel, Erf and Rosenthal; Witts), and this may explain their finding megaloblasts 
in normal marrow and in that of various types of anemia, They do not seem to recognize 
the more mature megaloblasts of the marrow of pernicious anemia. For them, therefore, 
there is only one series of red cells, megaloblasts being the least mature members of the 
series, 

For these investigators the transformation of megaloblastic to normoblastic marrow 
after effective treatment is a relatively simple matter and involves only the maturation of 
erythroblasts, which are the youngest members of the normal erythrocytic series (their 
megaloblasts). They do not have to postulate the presence of an ‘‘erythrogone’’ because 
this most primitive of the erythroblasts is a megaloblast which normally matures to a 
normoblast, according to their view, but fails to mature in a megaloblastic marrow. 

Much study and speculation have been devoted to the dramatie changes which occur in 
the marrow of a pernicious anemia patient in severe relapse after the beginning of adequate 
treatment with liver extract, vitamin B,., or folie acid. In some patients normoblastogsis 


ae 


840 DOWNEY 


may be quite marked as early as twenty-four hours after the first dose, and its beginnings 
may be seen even earlier. Interest has been centered on the exact origin of these normoblasts 
and on the fate of the megaloblasts, especially of the promegaloblasts, which disappear so 
rapidly as the normoblasts increase. It is generally agreed that some normoblasts are present 
in the marrow during relapse and before treatment, and that they proliferate rapidly soon 
after the beginning of effective treatment. However, proliferation of these searce normo 
blasts does not seem sufficient to account for their rapid increase in number, This inerease 
is explained in several hypotheses, usually based on their authors’ views of normal avd 
pathologic erythropoiesis. Heteroplastic development from myeloblasts accounts for the 
additional normoblasts according to Jones (1958).82 In the opinion of Davidson, Davis, 
and Innes (1942) the rapid increase is due to direct transformation of early megaloblasts 
to pronormoblasts and basophilic normoblasts. Since they could not find significant 
increase of mitoses during the early transformation period, they concluded that megaloblasts 
and normoblasts constitute a single line of erythroblasts which can change from one type to 
another in either direction. 

A primitive erythrogone or proerythroblast is the precursor of most of the new normo 
blasts according to Dameshek and Valentine, Schulten, Henning and Keilhack, and Israe’s 
among others, Since promegaloblasts are no longer developed from this cell, their number is 
rapidly reduced. 

Haenel (1948) saw cells identical to the erythrogone in fair number in the marrow of 
untreated patients, but in his opinion they are exclusively stem cel's of normoblasts whose 
development has been suppressed by the lack of the liver factor, Introduction of this factor 
results in rapid proliferation of the erythrogones and their differentiation to normoblasts. 
Megaloblasts are derived from reticulum, and some of the younger ones may transform to 
normoblasts during normoblastosis. Dameshek and Valentine, and Leitner also have ex 
pressed the belief that there is some transformation of megaloblasts to normoblasts during 
the early recovery period. 

Fieschi (1940)2° thought that some of the normoblasts, which increase so rapidly during 
this period, may be derived from his *‘hemohistioblasts’’ (hematopoietic reticular cells). 
He did not recognize an erythrogone and derived most of the normoblasts from ‘*hemocyto 
blasts’’ (myeloblasts). In 1946, in a monograph with Astaldi, he claimed that in’ tissue 
culture of marrow of pernicious anemia, made shortly after administration of liver extract 
to the patient, there was rapid normalization of the culture and transformation of earls 
megaloblasts to normoblasts. The older megaloblasts either died or completed their matura 
tion. Similar observations were made by Astaldi, Baldini and Frugoni in 1948. However, 
they added the liver extract to the culture of marrow from untreated patients. It is claimed 
that basophilic megaloblasts transformed to basophilic normoblasts through a series of transi 
tional stages, which are illustrated with photographs and a colored plate. These observations 
are important, even though it may not be agreed that the proliferative differentiation of 
basophilic megaloblasts results in the formation of true normoblasts. This will be discussed 
later in connection with our own observations, 

Transformation of early megaloblasts to basophilie normoblasts, through a series of 
‘‘intermediate erythroblasts’’ after treatment, had been described earlier, especially by 
Lambin and de Weerdt (1938, 1939},58. 39 and by Koller (1989). A very detailed deserip 
tion of this transformation has been given by the former authors (1938). They stated that 
young megaloblasts of any degree of differentiation up to and including the polychromatophilic 
stage transform to intermediate cells of the same stage of development, and these in turn 
change to the corresponding normoblasts, Only a few megaloblasts mature, The ‘* inter 
mediate erythroblasts’’ were also seen to occur in the marrow of patients going into relapse 
before the anemia had become severe and before there were any megaloblasts in the marrow. 
Similar intermediate cells were also seen in hepatic cirrhosis and in infantile anemias. A 
good photograph of the intermediate erythroblasts made one day after the first administra 
tion of liver extract is presented by Koller on page 608, and by Rohr (1949)54 in his Fig. 66. 
Mallarmé (1948) also described intermediate erythroblasts and stated that ‘‘In incipient 


cases the erythroblasts are not very much different from normoblasts, and there are inter 
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mediary forms between normoblasts and megaloblasts.’’ After treatment he saw rapid 
transformation of megaloblasts to normoblasts, but this involved only the youngest stages. 
In 1948, Bilski-Pasquier described intermediate erythroblasts and stated that they appear at 
about twenty hours after specific treatment. 

Veeneklaas (1942) made a detailed analysis of the bone marrow of three infants who 
had megaloblastic anemia. Before treatment the marrow of all three was similar to that of 
pernicious anemia in relapse, and the response to treatment was similar to that which occurs 
in pernicious anemia. The change in size and in nuclear and cytoplasmic characters is illus- 
trated in a series of Price-Jones curves, which show that the change to normal marrow is 
very gradual, and that the young megaloblasts become smaller and finally transform= to 
normoblasts, A special type of ‘‘intermediate cell’’ is not mentioned, although the graphs 
prove that it was seen, 

Zuelzer, Newhall and Hutaff (1947) also studied bone marrow of megaloblastic anemia 
in infants. In seven cases megaloblasts were present but the predominating cells were of 
intermediate types. In one patient there were intermediate cells but no megaloblasts at the 
first examination. The latter appeared as the anemia progressed without treatment for one 
month. The presence of intermediate cells without megaloblasts, therefore, was regarded as 
the first change of the erythroblasts during development of megaloblastic anemia, while the 
appearance of megaloblasts is a relatively late event. Twelve and twenty-four hours after 
treatment with folie acid the majority of the cells were of intermediate structure although 
megaloblasts, most of them acidophilic, were still present. 

These authors concluded that treatment caused mitotic proliferation of the young 
megaloblasts, including the polychromatophilic forms, which resulted in the production of 
intermediate cells which gradually changed to normoblasts. Abnormal features which have 
been thought to be characteristic of megaloblasts were also seen in the intermediate cells. 
The older megaloblasts completed their maturation; they did not transform to intermediate 
cells because they were no longer capable of mitosis. 

Davidson, Davis, and Innes (1942) saw no significant increase in the number of mitoses 
during treatment. From this they conc!uded that megaloblasts are changed directly to normo- 
blasts. Photographs of their cells of types I to IV are supposed to illustrate this gradual 
change. However, the photographs do not show any cells corresponding to the ‘* intermediate 
cells’’ of other authors, 

In an extensive monograph Schartum-Hansen (1948)57 claimed that there is only one 
series of erythroblasts which exist in various forms, depending on conditions, Many types 
of erythroblasts are present in the marrow of untreated pernicious anemia, Numerous inter- 
mediate cells prove that they all belong to a single series. The type which predominates 
depends on the amount of antipernicious anemia factor available. After treatment normal 
erythropoiesis develops gradually through transitional stages linking the types present during 
relapse with the developing normoblastic types. Megaloblasts are regarded as pathologic 
cells which degenerate before they reach the megalocyte stage. 

A somewhat similar view of erythropoiesis in megaloblastic anemia has been expressed 
by Dacie and White (1949), but with a much simpler terminology, The various intermediate 
erythroblasts which result from deficient hemopoietic factors are grouped under the term 
‘‘intermediate megaloblasts’* because, in these authors’ opinions, the degree of megaloblastic 
change depends on the amount of hemopoietic factor that is lacking, and so is proportional 
to the severity of the anemia. As seen in their photographs, cells that are more normoblastic 
than megaloblastie are included with the intermediate megaloblasts because, in their opinion, 
the pathogenesis of these cells is the same as that of more typical megaloblasts, the difference 
being merely quantitative and the cells less definitely abnormal. They expressed the belief 
that after treatment the maturing megaloblasts complete their development to megalocytes, 
while the most immature megaloblasts divide normally and differentiate to normoblasts. A 
very mixed picture results from the appearance of intermediate cells of varying degrees 
of abnormality if the liver extract is not fully potent. Additional literature on intermediate 


cells is discussed on their page 25, 
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It will be noted that the later conclusions of Schartum-Hansen (1948)57 and of Dacie 
and White (1949) are quite similar to the views expressed by Zuelzer and associates in 1947. 
-appenheim (1912),5° although he wrote before specifie treatment was available, de 
, scribed intermediate cells that were impossible to classify. He believed that megaloblasts and 
normoblasts constitute separate lines and that megaloblasts do not transform to normoblasts. 
The latter opinion seems to have been changed later, for in his posthumous monographs edited 
by Hirschfeld (1919, 1920)51.52 a series of colored lithographs is presented to show the 


transformation by ‘‘differential proliferation ’’ which results in the production of intermedi 
ate forms. This transformation is not confined to the youngest cells but includes all stages 
up to orthochromatic megaloblasts. Individual cells do not change from one type to another; 
the change is a gradual one through a series of mitoses resulting in the production of cells 
with intermediate nuclear pattern. 

Israéls, and Jones (1943),28 who do not believe in the transformation of megaloblasts, 
ot 


could not find, after treatment, any cells identical to the ‘*intermediate erythroblasts’ 
Lambin and de Weerdt#®. 89 and others. Later Jones (1946)34 described atypical megalo 
blasts, intermediate between megaloblasts and normoblasts, which appear at the beginning of 
therapy and in early relapse. Since these cells show a closer resemblance to megaloblasts 
than to normoblasts, they are considered to be the earliest form of megaloblastie regeneration, 
They were believed not to be related to normal erythropoiesis, The ‘* intermediate megalo 
of Dacie and White were considered to be pathologie alterations of the normoblast 


blasts’ 
series, rather than an independent line of cells derived from myeloblasts, as claimed by Jones. 

Jones (1938)31, 32 expressed the belief that megaloblasts disappear by degenera 
tion of some and completion of maturation by the majority. Fieschi (140)20 stated 
that liver treatment prevents the formation of new megaloblasts at the promegaloblast level 


but does not interfere with the maturation of those already present. He saw little evidence 


for degeneration and that only in megaloblasts containing some hemoglobin, Storti (1937 
also expressed the belief that megaloblasts complete their maturation after treatment, but he 
did not see the increased rate of maturation described by Rohr% and Scott, although basophilic 
megaloblasts disappear rapidly. Seott saw an increase in the number of polychromatophilic 
megaloblasts while the promegaloblasts and basophilic megaloblasts were being reduced in 
number. However, Lambin and de Weerdt8 and Nordensont® claimed reduction in’ the 
number of older megaloblasts during the early recovery period. Only a few megaloblasts 
mature according to Lambin and de Weerdt,’s and Leitner (1949). Henning and Keilhack 
stated that they do not all mature. They all degenerate according to Schartum-Hansen 
(1948 ) .57 

There is general agreement that the marrow becomes very active soon after specific 
treatment is begun, as shown by an increased number of mitoses and cells. There is some 
difference of opinion regarding the types of erythroblasts involved in this earliest activity. 
The first change is a greatly increased rate of proliferation of pronormoblasts and basophilic 
normoblasts according to Nordenson,48 Storti (1937),64 Rohr’ and Lambin and de Weerdt.%* 
Some of these early normoblasts are always present according to these and other authors. 
Nordenson stated that some normoblasts resulting from the proliferation are atypical in that 
they show early formation of hemoglobin or persistent basophilia of evtoplasm., Rohr (1987 )5 
found the basophilic normoblasts to be most numerous when the transformation of the 
marrow is slow; when rapid, the older stages are more numerous. During the early reactive 
period he found it difficult to distinguish between promegaloblasts and pronormoblasts. Lam 
bin and de Weerdt noted very numerous basophilic normoblasts twenty hours after treatment 
was begun. The promegaloblasts had disappeared at this time. The proliferation responsible 
for the numerous basophilic normoblasts had not resulted in their reduction in size, from 
which Lambin and de Weerdt concluded that the mitoses must have been in still larger cells, 
and the majority of early megaloblasts must have transformed to normoblasts. In Seott’s 
opinion the earliest marrow change is an increase in the rate of maturation of the cells of 
the megaloblastic series. He saw an increase in the polychromatie and orthochromatie 


megaloblasts before the increase of normoblasts took place. 


MEGALOBLAST-NORMOBLAST PROBLEM 843 


Rohr gives his present opinion of megaloblast-normoblast relations in the second edition 
of his book, Das menschliche Knochenmark, 1949.54 We deseribes and illustrates intermediate 
cells (Chergangsformen) which appear in pernicious anemia marrow during treatment. Some 
of these mature to large erythrocytes, while others, through a series of rapid divisions, trans- 
form to basophilic normoblasts. The dormant normoblastosis is stimulated at the same time. 
He and Schartum-Hansen5*. 57 noted slow or incomp'ete normalization of the marrow after 


inadequate doses of liver extract. 


MATERIAL AND METHODS 


Our study was confined to bone marrow obtained by sternal aspiration, 
done by Dr. G. L. Pease, from cases of hemolytie anemia and sprue, and from 
pernicious anemia in various stages of relapse, and during the first few hours 
following specifie treatment with liver extract, folie acid, or combinations of 
the two, and vitamin B,.. In some eases of pernicious anemia, dosage was 
held to a minimum in order to prolong the transitional period and thus facilitate 
study of the evtologiec changes which occurred. 


For pernicious anemia the large collection of bone marrow slides of the Mayo Clinie 
was available, as well as bone marrow from patients who came to the elinie during the 
progress of this investigation. We also had slides of bone marrow from patients with 
pernicious anemia donated by Dr. Louis R. Limarze and E. M. Schleicher, Schleicher also 
contributed slides of cases of pernicious anemia and hemolytic anemia prepared by his 
decolorizer technique,* which brings out the finest details of nuclear structure. Dr. R. 
Dorothy Sundberg contributed marrow from a case of acute hemolytie anemia following 
chicken pox. The Mayo Clinie material we used also included marrow from two cases of 
sprue with megaloblastic anemia, several cases of hemolytic anemia, and of normoblastie 
hyperplasia of unknown origin with left shift. 

Most of the material studied was prepared by the following technique: 

A small amount of heparin was added to the marrow immediately after aspiration. 
After gentle agitation smears were made from this unconcentrated marrow, and marrow par 
ticles were selected for sectioning and for imprints and spreads made from particles stuck 
to the ends of applicator sticks as suggested by Schleicher. A Wintrobe hematoerit tube 
was filled from the remaining marrow, which was then centrifuged. After the percentage 
volume of the layers of fat, plasma, nucleated cells (myeloid-erythroid layer), and erythro- 
eytes had been recorded, the myeloid-erythroid laver, together with a small amount of plasma, 
Was aspirated with a capillary tube and mixed. Smears were made from this eoncentrated 
marrow, dried rapidly, and stained with Wright’s stain. This is essentially the method 
deseribed by Schleicher,s and Schleicher and Sharp, and Limarzi (1947).41 

For most of the forty-five patients studied we had smears of coneentrated and un- 
concentrated marrow, and spreads made from the marrow particles, Usually the smears of 
the concentrated marrow were most favorable for our study, but in some cases the spreads 
from the particles showed the best cytologic detail. This was especially true in the few cases 
in which the centrifuging caused damage or distortion of cells. Usually the erythroid eells 
were undamaged even when monocytes, histiocytes, and mature neutrophils showed considera- 
ble distortion. For the few outside cases contributed for this study we had only films of 
concentrated marrow. 

Since sections of the aspirated particles proved to be of little value for the problems 
that we wished to investigate, few of them were examined. Their chief value was. for 
determining the degree of involvement of the reticulum in the pathologie alteration of the 
marrow. 

In all cases of pernicious anemia, marrow was aspirated before treatment, and in all 
but eight cases there were one, two, and in a few cases three subsequent aspirations. Of 


*Overstain in Wright’s stain. Decolorize in a mixture of acetone 0.5 ml., methyl alcohol 
5.0 ml., and distilled water 100 ml. For best results control under microscope. 
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chief interest for our problems were the thirteen cases in which the second aspiration was 
done at various intervals between six and twenty-four hours, and the cases in whieh marrow 


transformation was slow or incomplete because of the small dosage used in treatment, 


OBSERVATIONS 

A. Erythrogones or Proerythroblasts—We have shown that several investi- 
gators of the problem of erythropoiesis believe in the existence of an erythro- 
blastic stem cell which can differentiate to all types of erythrocytes encountered 
in normal and pathologie marrow. This is the ‘‘erythrogone’’ of Ellermann, 
Jaffé, Dameshek and Valentine, and Henning and Keilhack, or the **pro- 
erythroblast’’ of Schulten, Schartum-Hansen*® and Israéls. As deseribed it is 
a basophilic cell with nucleus and nucleoli suggesting origin of the cell from 
the reticulum, as claimed by several authors. However, it is more differentiated 
than the hematopoietic reticular cell (hemohistioblast) and ean be identified 
as an exclusive erythroblastic stem cell that is more primitive than pronormo- 
blasts or promegaloblasts. It is rarely encountered in normal marrow but may 
occur in fair number in lett shift normoblastic hyperplasia. However, it is 
most numerous in pernicious anemia marrow during relapse. According to 
Sehulten it is the *‘megaloblast”’’ of authors who deseribe megaloblasts in normal 
marrow and in marrow of patients who have diseases not of the pernicious 
anemia type. 

In our investigation we were interested in determining, to our own satis- 
faction at least, whether such a cell really exists or whether, like Segerdahl, the 
authors who have described it were unable to distinguish between pronormo- 
blasts and promegaloblasts and, therefore, assumed the existence of a common 
erythroblastie stem cell for all types of red cells. As examples of the most im- 
mature erythroblasts in smears of aspirated bone marrow in eases of untreated 
pernicious anemia in relapse we refer to our Figs. 1 to 4, Plate I. All of the 
cells of this plate were photographed at a magnification of S00, and they are 
reproduced without reduction. Figs. 1 to 3 are from the same slide. The three 
cells shown in Fig. 4 are from another untreated patient. 

It will be noted that there is considerable variation in size of the cells and 
that they tend toward irregularity of shape. The amount of eytoplasm relative 
to the nucleus is variable, but tends to be greater than is usually seen in the 
most immature erythroblasts which occur in normoblastie hyperplasia. The 
degree of basophilia of the eytoplasm is also quite variable, as is the distribution 
ot the basophilic in the evtoplasm. The extremes this 
respect can be seen by comparing Fig. 1 with the upper cell in Fig. 2 and the 
left-hand cell in Fig. 4. This difference in basophilia does not seem to depend 
entirely on the degree of differentiation, as can be seen by comparing the nuelei 
of these cells. 

The nuclei of these primitive erythroblasts have an extremely delicate 
stippled chromatin pattern showing very uniform distribution of the chromatin 
granules. In the megaloblastie series this pattern is maintained for some time 
after differentiation begins, the chromatin granules becoming merely coarser 
and more irregular, as seen in the promegaloblast of Fig. 7, whieh is from a 
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patient having pernicious anemia forty-eight hours after treatment with folie 
acid began. Megaloblasts are still the predominant type of erythroblasts in this 
marrow. The cells of Figs. 2, 3, and 4 are more basophilie and have a slightly 
coarser nuclear pattern than the cells of Figs. 1 and 5, but the chromatin pat- 
tern is not quite as coarse as in the promegaloblast of Fig. 7. These variations 
may be due to slight differences in the degree of development toward megalo- 
blasts, which would make cells 1 and 5 the most immature of the group. That 
the fine nuclear pattern and lack of cytoplasmic basophilia of cell 5 is not due 
to defective staining is shown by comparison with the cells of Fig. 7, whieh 
are from the same slide. The slide is one donated by Schleicher; it was treated 
with his decolorizer in order to bring out the finest nuclear details. 

All of these cells have nucleoli whieh are extremely variable in size, shape, 
and intensity of staining. They may be well stained and sharply outlined as 
in Figs. 3 and 4, or they may be faint or barely visible as in Figs. 1 and 5. 
They may form one large unbroken irregular mass, or the cell may have several 
irregular-shaped nucleoli. 

Many of the free cells of the reticulum (hemohistiocytes, hemohistioblasts, 
hematopoietic reticular cells) have nuelei and nucleoli similar to those of the 
primitive erythroblasts illustrated on our Plate I. This similarity of nuclei, 
and the hyperplasia of reticulum seen in many patients having untreated per- 
nicious anemia, have led many investigators of the erythropoiesis problem to 
assume a reticular origin of the most immature megaloblasts (Ferrata, Storti,”* 
Dameshek and Valentine, Henning and Keilhack, Rohr.*°* Seott, Lambin,*’ 
Kieschi,'” Haenel). 

The cells of our Figs. 1 to 5 give a fair sample of the types of primitive 
erythroblasts which we encountered in the marrow of patients having pernicious 
anemia. Cells 1 to 4 are from untreated patients who had practically no 
normoblasts in their marrow, so that it ¢an be assumed that if the cells differ- 
entiated and the hematopoietic factor that was lacking was not replaced they 
would develop to megaloblasts. Cells 1 and 5 are the most primitive of the 
types shown. We interpret them as being intermediate between free reticular 
cells and the other cells illustrated on Plate 1. Similar cells are not numerous, 
probably because heteroplastic development from the reticulum is of no great 
importance for the maintenance of cells which are slightly more mature. 

The large cells of Figs. 6 and & are from marrow smears of a patient with 
macrocytic anemia and normoblastie hyperplasia showing marked shift to the 
left in normopoiesis. Final diagnosis had not been established at the time of 
this study. Large primitive erythroblasts similar to those of Figs. 6 and 8 were 
quite numerous. Many of the older developmental stages were abnormally 
large but were clearly members of the normoblastic series. Normoblasts of 
normal size were also present. The erythrocytes were of corresponding differ- 
ence in size, from which we assume that the macrocytes were developed from 
the larger normoblasts. Because of the numerous large primitive erythroblasts 
and the macroeytes, it was at first thought that this might be a case of megalo- 


blastie anemia. However, careful search through several marrow slides failed 
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to reveal any erythroblasts that had developed beyond the stage illustrated in 
Fig. 6 as megaloblasts. Although many were large, all were definitely normo- 
blasts. 

Comparison of cell 6 with the other cells of Plate I, which are from speci- 
mens taken from patients having pernicious anemia, shows that the cell possesses 
features that are usually thought to be characteristic of promegaloblasts, or 
the ‘‘erythrogones”’ or ‘* proerythroblasts’’ of some authors. It has the stippled 
nucleus with no clumping of chromatin, three irregular-shaped nucleoli, a 
thin nuclear membrane, and abundant evtoplasm that is similar to that of many 
promegaloblasts or erythrogones. We are certain that if one confined his 
examination to cells of this type and disregarded the numerous normoblasts of 
this marrow he would conclude that these were primitive erythroblasts which 
would develop to megaloblasts. However, in this ease they belong clearly to 
the normoblastie series. The large cell of figure & from the same slide is a 
slightly older stage in the development toward normoblasts. It still has the 
stippled nuclear pattern and three irregular nueleoli. However, there is some 
clumping of chromatin, and the cytoplasm is less abundant and has a wider and 
more basophilic rim. In spite of the general chromatin pattern and the nucleoli 
we would place cells of this type with the normoblasts. 

Large ** proerythroblasts,’’ identical with those of our Figs. 1 to 6, Plate I, 
are shown in Fig. 30 of the monograph La Talassenua by Astaldi, Tolentino and 
Sacchetti. Although these cells have been interpreted as megaloblasts, the 
authors found that the successive differential stages of these cells are normo- 
blasts. They considered the cells to be ‘‘intermediate stages of direct erythro- 
blastie evolution of histioid cells.’’ They did not find any megaloblasts in the 
marrow in cases of thalassemia. 

On account of the narrow and relatively homogeneous rim of evtoplasm one 
might be inclined to classify the left-hand erythroblast of Fig. 4 as a very im- 
mature pronormoblast. However, in this ease one can easily trace the inter- 
mediate forms from this type of cell to those which are definitely megaloblastie. 
This patient was in extreme relapse and had not been treated. Normoblasts 
were very searee; we searched the marrow film for some time before finding one. 
There were a few small orthochromatic cells with pyknotie nuclei whieh eould 
be normoblasts but, with few exceptions, those with an open nucleus were 
definitely megaloblastic. Cells like the one of figure 1 were fairly numerous in 
this marrow, and there is good evidence for a reticular origin of the most 
primitive erythroblasts of this case. As the cells mature their evtoplasm be- 
comes strongly basophilic before there is any change from the reticular type of 
nucleus. 

From what we have said and illustrated, it is evident that we have en- 
countered the same difficulty in classifving the earliest erythroblasts that others 
have had with this problem. Certain trends can be recognized, but individual 
primitive erythroblasts cannot always be characterized as either normoblasti¢ 
or megaloblastic. This, of course, is true of only the most immature types of 
erythroblasts which appear with extreme shift to the left in erythropoiesis, as 


in pernicious anemia in relapse and in certain cases of extreme normoblastic 
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Kaplanation of Figures. 

All figures are photographs, made by the Section of Photography of the Mayo Clinic, of 
cells from aspirated sternal bone marrows of living patients They were photographed at a 
magnification of 800, except Figs. 16 and 17, which were photographed at a magnification of 
1.200, All are reproduced without reduction. Staining was with Wright's stain. 


Plate I. 

Figs. 1 to 4.—Ixamples of the most immature erythroblasts (“‘erythrogones”) in un- 
treated pernicious anemia, in relapse. Fig. 1 is the most immature cell of the group. It prob- 
ably is an intermediate stage between a free reticular cell and a primitive erythroblast. Note 
variations in cell size and degree of basophilia, and the irregular-shaped and faintly outlined 
nucleoli. Figs. 1 to 3 are from the same slide. Fig. 4 is from a different patient. 

Fig. 5.—Very primitive erythroblast, or cell that is intermediate between reticular cell 
and erythroblast. Compare with Fig. 1. From case of pernicious anemia forty-eight hours 
after treatment with folic acid began. From slide donated by KE. M. Schleicher and treated 
with his decolorizer. 

Fig. 6.—Primitive erythroblast from case of macrocytic anemia, normoblastic hyperplasia, 
and marked shift to left in normopolesis. Note similarity to the “erythrogones” of Figs. 2, 
3, and 4. 

Fig. 7.—Promegaloblast and normoblasts. Same slide as that from which Fig. 5 was 
made. 
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hyperplasia. The morphologic characters that determine the classification of the 
products of differentiation have not been impressed on these most primitive 
types of erythroblasts. Those that will eventually develop to megaloblasts tend 
to be larger and more irregular in shape and have a wider rim of eytoplasm 
Which is less homogeneous than is true of the corresponding cells whieh will 
develop to normoblasts. However, if individual cells are studied it will be 
noted that there is great variation in these characters, no one or combination of 
which predetermines the direction of differentiation. 

In untreated pernicious anemia in relapse we have noted great variations 
from case to case in the character of the most primitive erythroblasts and in 
the promegaloblasts. In some cases the very large cells, like those of Figs. 1, 2 
and 3, are numerous, while in others they are searee, most of the young cells 
heme like the smaller ones of Figs. 2 and 4. To some extent these differences 
depend on the degree of relapse as estimated on the basis of the hemoglobin 
percentage and the ervthroevte count, but there are eXCePtlons to this. 

Before treatment the marrow of this patient contained many large primi- 


tive erythroblasts, examples of which are shown in Fies. 1, 2, and 3. Besides 


these large cells this marrow contained a goodly number of smaller erythroblasts, 
like the upper one of Fig. 2 and the smallest one of Fig. 4, in whieh the nuclear 
pattern is just as fine and the irregular nucleoli just as prominent as in the 
larger cells. Twelve hours after the intramuscular injection of 15 units of 
Lederle’s liver extract the number of these smaller cells had increased, while 
the number of the larger cells had diminished. There was a conspicuous increase 
in the number of mitoses. Most of the nuelei of these cells were similar to those 
in the corresponding cells before treatment, but some had differentiated to a 
slight extent and resembled the nuelei of small promegaloblasts. There were no 
normoblasts at this stage. This marrow picture at twelve hours could be inter- 
preted as the first change toward the normoblasti¢ marrow but, from the 
morphologic pattern of the cells, it could also be interpreted as an indication 
of rapid meealoblastic maturation, An additional marrow aspiration was not 
done. Tlowever, since the patient showed the typical response to treatment, we 
must assume that in this case the development of numerous small basophilie 
primitive erythroblasts is the earliest change toward a normoblastic marrow. 

Because the small erythroblasts were fairly numerous before treatment it 
might be assumed that this patient was not in complete relapse. Pernicious 
anemia had been diagnosed elsewhere in 1944. Treatment was continued for 
one year. Symptoms recurred in 1946. The patient was admitted to the clinic 
in May, 1947, with a red cell count of 1,530,000 per cubie millimeter of blood 
and hemoglobin of 7.7 Gm. per 100 ml. of blood. Tle received 15 units of liver 
extract daily for two days and 15 units on the seventh day. Reticulocytes were 
12.8 per cent on the eighth day. 

Small promegaloblasts and basophilic megaloblasts can be numerous when 
the erythroeyte count is quite low. Another patient was admitted with an 
erythroeyvte count of 1,600,000 per eubie millimeter of blood and reticulocytes 
of 0.3 per cent. Before treatment his marrow contained few large promegalo- 
blasts but many of the smaller promegaloblasts and basophilic megaloblasts. He 
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showed e@ood response to daily injections of 100 me. of folie acid. Polychromatic 
normoblasts were very numerous on the third day after treatment began. 
Reticulocytes were 10.2 per cent on the sixth day. Erythrocytes were 4,120,000 
per cubic millimeter of hlood three months after treatment began. 

Two other patients having pernicious anemia had few large promegalo- 
blasts or primitive erythroblasts in their marrow before treatment but many of 
the smaller forms. In one the erythrocyte count was 1.730.000 per cubie 
millimeter of blood and hemoglobin &.8 Gm. per 100 ml. of blood. The other 
patient had an initial count of 1.960,0000 per cubie millimeter of blood and 
hemoglobin 6.0 Gm, per 100 mil. of blood. 

We conclude from these observations that it is not always possible to 
determine the direction of differentiation from the morphologic characters of 
the most primitive erythroblasts. Their size is extremely variable Trom case TO 
ease and in the marrow of the same case. Some marrows, before treatment, are 
characterized by the great number of large primitive erythroblasts and pro- 
meealoblasts, while in other marrows these cells are much smaller although the 
deeree of maturation Is no greater, With normoblastie hyperplasia the most 
primitive erythroblasts tend to be large, as in our ie. 6. but there is rapid 
reduction in size as the cells divide and mature. In some of our cases of Un- 
treated pernicious anemia there are many) late megaloblasts whieh are much 
larger than the corresponding late normoblasts, except im some Macroceyv tle 
anemias and in some conditions in whieh the normoblasts are involved in some 
malignant process. However, since the late polyehromatophilie megaloblasts 
ean be as small as the normoblasts of equal maturity, size Is not a reliable 
criterion for classification of erythroblasts at any stage of their development, 

We agree that megaloblasts and normoblasts constitute two separate series 
of erythrocytes which can usually be distinguished without difficulty after thes 
have reached the ‘‘pro’’ or later stage of their development. However, these 
two lines converge on a primitive erythroblast: which has no distinguishing 
meealoblastic or normoblastic features. If one or more of the anti-megaloblastic 
anemia factors are lacking, this or proerythroblast will 
undergo pathologic development to a meealoblast. Hf these factors are present 
or supplied it will develop to a normoblast. 

In the abnormal megaloblastic series pathologic features, such as atypical 
mitoses, displaced chromosomes, karvorrhexis, vacuoles in evtoplasm, 
and so forth, usually do not appear until some hemoglobin has developed, and 
it is at this stage that the cells are affected by arsenic in the form of Fowler's 
solution. as deseribed by Rohr** and by Limarzi22 The essential changes re- 
sulting from the arsenic treatment are precocious development of hemoglobin 
and excessive karyorrhexis. Since Limarzi has shown that the proerythroblasts 
and the promegaloblasts are not affected by the arsenic, it can be assumed that 
these cells have not been affected by the lack of the antianemice factor to the 
extent that they cannot develop to normoblasts if the missing factor is supplied. 
Limarzi found that the older normoblasts in hereditary hemolytie jaundice 


show about the same pathologic features after administration of arseni¢ as are 
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Fig. &.—lKarly pronormoblast. Same slide as Fig. 6. 

Figs. 9 to 12.—Erythroblasts from hemolytic anemia. Figs. 9, 11, and 12 have nuclei 
that are quite similar to those of the primitive erythroblasts of pernicious anemia. Fig. 10 is 
an early pronormoblast. Figs. 9, 11, and 12 are from slides donated by E. M. Schleicher. Fig. 
10 is from a slide donated by Dr. Dorothy Sundberg. 

Fig. 13.—Primitive erythroblast from case of treated megaloblastic anemia following 
intestinal operation. Free hydrochloric acid. C:ood response to folie acid. 

Figs. 14 and 15.—Basophilic pronormoblasts, hemolytic anemia. Note clumping of chroma- 
tin and large irregular nucleoli in the two large cells of Fig. 15. Sharply outlined nucleoli 
and stippled chromatin pattern in large cell of Fig. 14. 

Fig. 16.—Same as Fig. 15 but at a magnification 1,200. 

Fig. 17.—Polychromatophilic normoblast from case of treated pernicious anemia. Typical 
normoblastic nuclear pattern (Magnification 1,200.) 
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seen in the later megaloblasts, and that the pronormoblasts and basophilic 
normoblasts show no such alterations. Usually normoblasts at any stage of 
their development do not show these changes after administration of arsenic. 

We have shown that the erythrogones of pernicious anemia vary in size, 
shape and number of nueleoli, and in basophilia of evtoplasm as expressed by 
the amount and distribution of the spongioplasm, and that all have a very 
primitive, more or less reticular type of nucleus with uniform distribution of 
chromatin in the form of small irregular-shaped granules. Jones (1938)*! has 
given a detailed deseription of this nucleus for the youngest erythroblasts which 
are developing from reticulum. We find similar nuclei in proerythroblasts that 
will develop to normoblasts, as shown in our Fig. 6. This nucleus can be dis- 
tinguished from that of the myeloblast without difficulty. In the latter the 
chromatin is usually arranged in the form of a very delicate network, so that 
this nucleus does not have the stippled appearance seen in the earliest proeryth- 
roblasts. The nuclei of both series may have a fine chromatin network when 
the proerythroblasts have developed to some extent. This is particularly true 
of the normoblasts. In the megaloblastie series the stippling tends to become 
coarser and a network does not appear until later. For these reasons Ferrata, 
Stortie’ "and others we have mentioned, derive the megaloblasts from free cells 
of the reticulum and normoblasts from hemocytoblasts (myeloblasts). In Jones's 
opinion the myeloblast is the usual progenitor for both series, and both may be 
derived from reticulum under certain conditions without passing through the 
myeloblast stage, as illustrated in his colored plate (1938). 

Some myecloblasts are also derived from reticulum, a faet which would ae- 
count for the occasional myeloblast with a finely stippled chromatin pattern in 
place of the usual sievelike chromatin network. These two types of myeloblasts 
were described and illustrated by Downey in 1927. 

In the marrows of our cases of untreated pernicious anemia myeloblasts 
are very searce, and we do not find mueh evidence for the derivation of 
proerythroblasts from them. They are more numerous one or two days atter 
the beginning of treatment. They are fairly numerous in our cases of normo- 
blastic hyperplasia, and we have seen some pronormoblasts that seem to have 
heen derived from myeloblasts. However, we could not get any evidence in 
favor of the derivation of cells like the one in Fig. 6 from myeloblasts. 

On Plate IL we illustrate primitive ervthroblasts from the marrow in cases 
of hemolytic anemia (Iigs. 9 to 12 and 14 to 16) and from a case of treated 
megaloblastie anemia which developed after an intestinal operation (Fig. 13). 
The marrow films from which Figs. 9, 11, and 12 were made were donated by 
Mr. IE. M. Schleicher and were treated with his decolorizer. Fie. 10 is from a 
slide donated by Dr. Dorothy Sundberg. The decolorizer removes the dye that 
is adsorbed on the surface of the chromatin strands, resulting in a sharper 
definition of the nuclear pattern. However, equally good results can be ob- 
tained without the use of the decolorizer, as is shown by the sharp nuclear 
pattern in Fie. 13. Cells that have been decolorized usually are not quite as 


basophilic as those that have not been so treated. 
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There were no megaloblasts in the marrows from which the cells of Plate 
II were photographed, but the chromatin pattern and general appearance of 
several of these cells closely resemble those of the primitive erythroblasts of the 
megaloblastic marrows, as shown in Figs. 9, 11, 12, and 13. Nueleoli are ir- 
regular in shape and usually faintly stained. However, they may be well 
stained and sharply outlined even in the pronormoblast or basophilic normoblast 
stage, as shown in Figs. 14 and 15, 

Cell 9 has the typical ‘‘erythrogone’* nuelear pattern except that the pat- 
tern is interrupted in two places, which might be due to damage. In Figs. 11 
and 12 the nucleoli are large and faintly outlined and are difficult: to separate 
from the chromatin pattern. The two cells in Fig. 12 are rather typical eryth- 
rogones similar to Many in pernicious anemia marrow. The lower cell in this 
figure resembles cell 5, from a ease of pernicious anemia. The cytoplasm of the 
upper cell has developed a wide homogeneous hasophilie rin hevond the juxta- 
nuclear area, which might be interpreted as beginning maturation of the 
eytoplasm. However, the nucleus of this cell shows no siens of beeinning 
maturation; there is no clumping or radial arrangement of chromatin: the 
wide radiating streaks are composed of nucleolar material. In Fig. 10° the 
condensation of eyvtoplasm has progressed farther and the nucleus shows be- 
ginning clumping of chromatin. In spite of the scattering of nucleolar material 
we interpret this cell as an early pronormoblast. 

The general appearance of the cells in’ Figs. 14 and 15, from eases of 
hemolytic anemia, places them among the basophilic normoblasts. They have the 
characteristic narrow basophilic cytoplasm, but their nuclei are. still quite 
undifferentiated and they have prominent nucleoli, They are the ‘ proerythro 
blasts’’ of Naegeli, but not the proervthroblasts of Sehulten, Israéls, and 
Schartum-Hansen,’ which are the more primitive erythrogones of other 
authors. Cell 14 is unique because of its several sharply outlined nucleoli and 
stippled chromatin pattern like that of the eryvthrogones of Plate I. This stippled 
appearance is produced by the light, practically unstained, rounded, evenly 
spaced **parachromatin,’> which seems to be embedded in the dark chromatin 
in the form of unstained granules. The details of this nuclear pattern are 
clearly seen if these photographs are examined with a reading elass. It is a 
pattern that characteristic of the nuclei of primitive erythroblasts of 
many nuclei of endothelial and reticular cells. Myeloblasts have a somewhat 
similar chromatin pattern, but it is much finer in texture with mueh thinner 
ehromatin strands which usually do not stain as deeply as do those of the 
eryvthroblast. 

The basophilie normoblasts of Fig. 15 have large but not sharply outlined 
nucleoli, and the chromatin shows definite clumping. We have tried to em- 
phasize this by photographing these same cells at a magnification of 1,200, as 
seen in Fig. 16. As these basophilie normoblasts divide and mature, the 
chromatin clumps become more clearly defined and denser, and there is sharper 
separation of chromatin from parachromatin until the polyvchromatophilic stage 
of Fig. 17 is reached. At this stage the parachromatin is often oxyphilie in 
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staining reaction, and nucleoli have disappeared. The cell of Fig. 17 was also 
photographed at a magnification of 1,200 in order to emphasize the nuclear 
pattern. 

As the megaloblasts mature, the open nuclear pattern of the promegaloblast 
of Fig. 7 is maintained for some time, but the chromatin strands become thicker 
and the interspaces wider. This is followed by the formation of irregular 
clumps of chromatin which are more widely separated than those of the normo- 
blasts of the same stage. The parachromatin is, therefore, quite conspicuous, 
The chromatin blocks are usually connected by fine chromatin strands which 
tend to be longer than those of the denser nucleus of the normoblast. At this 
polychromatophilic stage there is no difficulty in distinguishing between megalo- 
blast and normoblast. These later stages should not be ignored, as is done by 
several authors we have mentioned. They facilitate identification of a marrow 
as megaloblastie or normoblastic when it is difficult to classify the earliest stages. 


The ervthroblast of Fie. 13 is of interest because of its lacy, wide-meshed 
chromatin network, the four dark chromatin granules, and its indefinite nu- 
cleolus. The marrow from which this cell was photographed was normoblastic 
and macronormoblastic, and careful search did not reveal any cells that could 
be classified as megaloblasts. However, this patient did have megaloblastic 
anemia which showed good response to folie acid therapy. Cell 15 is trom 
marrow taken seven days after daily injection of 20 me. of folie acid. This 
marrow contains some ‘‘erythrogones’’ similar to those of untreated pernicious 
anemia, and a few intermediate cells. Before treatment it contained many 
ervthrogones and promegaloblasts, and megaloblasts and intermediate cells in 
Various stages of development. There were very few typical normoblasts. The 
neutrophilic leukoeytes and their promyeloeytes and myeloeytes were of the 
pernicious anemia type (see Jones, 19381). Cells similar to the one of Fig. 13 
were also found in our untreated pernicious anemia marrows, where they were 
related to the megaloblastie series. Tlowever, in the pernicious anemia Marrows 
the dark spherical nuclear granules were composed of nucleolar material, as 
indicated by the staining reaction. 

\ brief résumé of the history of the patient from whom the cell of Fig. 15 was taken 
may be of interest. In May, 1944, he underwent right hemicolectomy and ileocolostomy for 
an obstructive lesion of the ileum. He returned to the clinie two years later (April, 1946) 
with moderately severe macrocytic anemia. His hemoglobin was 7.1 Gm. per 100 ml, of blood, 
erythrocytes 1,790,000, and leukocytes 7,100 per cubic millimeter of blood. Color index was 
Lot and erythrocvtometer reading S.2 microns. Free hydrochloric acid was present in the 
gastric juice. Persistent diarrhea had been present since the operation in 1944, Stools 
contained 63 per cent of fat. Bone marrow taken at this time showed the features described 
previously for the pretreatment marrow. 

Daily parenteral administration of 20 mg. of folic acid was begun May 3, 1946, The 
diarrhea became less severe within a week. A reticulocyte peak of 18.1 per cent was reached 
on the eighth day, and the erythrocyte count rose steadily from the pretreatment level of 
1,790,000 per cubic millimeter of blood to 3,900,000 on June 12. No other type of therapy 
Was given. Diarrhea had practically disappeared when the patient was dismissed on June 19, 
1946. He had gained weight and felt quite well. At this time oral folie acid therapy, 30 mg. 


daily, was begun, and this has been continued to date. Two months later hemoglobin was 
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12.5 Gm. per 100 ¢.c. of blood, erythrocytes 4,270,000 per cubic millimeter of blood and eolor 
index 0.95. In June, 1948, the figures were hemoglobin 13.8 Gm. per 100 ¢.c. of blood, 
erythrocytes 4,320,000, and leukocytes 7,700 per cubie millimeter of blood, and color index 10S, 

On April 19, 1950, the patient wrote that he was feeling very well and was working. 
He has continued the folie acid therapy. He stated that his blood counts remained normal, 


but he did not give us the evidence for this. 


We might assume that the megaloblastie anemia was due to folie acid 
deficiency resulting from the intestinal operation. However, liver or vitamin 
B,. therapy was not tried. The evtologie transformation of the marrow, seven 
days after the beginning of treatment in May, 1946, was not as complete as 
expected in pernicious anemia after similar therapy. Megaloblasts had disap- 
peared, but a few primitive ervthroblasts (ervthrogones and intermediate cells 
were still present, and basophilie normoblasts were more numerous than they 
would be in a case of pernicious anemia seven days alter the beginning of 
treatment. 

Cell 13 was photographed because it shows one type of structural variation 
which may be encouncered among the primitive erythroblasts. Similar cells are 
searce but were seen in marrow in several cases of untreated pernicious anemia. 

Bb. Normoblasts in Bone Marrow of Untreated Pe Anemia Patients 
in Relapse.—Normoblasts and cells that could be classified as intermediate 
erythroblasts were scaree in many of our marrows taken before treatment and 
often could be found only after careful search. As examples we have a group 
of four patients with hemoglobin of 6 to S.8 Gm. per 100 ml. of blood and 
ervthroeytes 1,530,000 to 1,960,000 per eubie millimeter of blood. Mvyeloblasts 
were also very scarce in the pretreatment marrows of this Sroup of patients. 

Normoblasts were present in the pretreatment marrows of another group 
of four patients who had hemoglobin percentages and red cell counts that did 
not differ greatly from the corresponding figures of the previous group. The 
lowest hemoglobin in the group was 6.3 Gm. per 100 ml. of blood in a patient 
who had an erythroeyte count of 1,630,000 per cubic millimeter of blood. The 
highest hemoglobin in the group was 10 Gm. per 100 ml. of blood in a patient 
who had an erythrocyte count of 1,640,000 per cubic millimeter of blood. The 
highest ervthroeyte count in this group was 1,870,000 per cubie millimeter of 
blood (hemoglobin 7.3 Gm. per 100 ml. of blood), the lowest 1,630,000 per cubie 
millimeter of blood (hemoglobin 6.35 Gm. per 100 ml. of blood). The patient 
who had the highest hemoglobin would have been placed in the next group of 
six patients if it had not been for his low erythrocyte count. His marrow con- 
tained a fair number of promegaloblasts and basophilic megaloblasts, but 
erythropoiesis was primarily normoblastic. The reticulocytes rose trom 0.6 per 
cent to 7.0 per cent after daily treatment with 1 unit of liver extract parenterally 
and 1 mg. of folie acid orally. 

In the next group of six patients normoblasts and cells classified as inter- 
mediate erythroblasts were numerous, and in two of these patients they were 
the only types of erythroblasts present. The lowest hemoglobin of this group 
was 9.0 Gm. per 100 ml. of blood, and the lowest erythrocyte count was 2,150,- 
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000 per cubic millimeter of blood in the same ease, The highest hemoglobin was 
11.7 Gm. per 100 ml. of blood, and the highest erythrocyte count was 2,920,000 
per eubie millimeter of blood in the same case. 

The absence of meealoblasts from the marrow of one of the two patients without 
megaloblasts may be due to an intramuscular injection of liver extract received one week 
hefore he came to the clinic. At the clinie his initial hemoglobin was 10.1 Gm. per 100 ml. 
of blood and erythrocyte count 2,450,000 per ecubie millimeter of blood. The diagnosis was 
pernicious anemia in relapse. There was slow response to oral administration of folic acid, 
100 mg, daily. Reticulocytes were 6.4 per cent on the fourteenth day. 

The other patient without megaloblasts, had an initial hemoglobin of 11.7 Gm. per 100 
ml. of blood and 2,920,000 erythrocytes per ecubie millimeter of blood. The blood picture was 
negative for pernicious anemia except for an occasional neutrophilic leukocyte of the perni 
cious anemia type. The erythroblastic part of the marrow picture was composed of macro- 
normoblasts, normoblasts, intermediate erythroblasts, and a few erythrogones. A few of the 
neutrophilic promyeloeytes and myelocytes were of the type characteristic of pernicious 
anemia, There was: also slow response to daily intramuscular injections of 1 microgram 
of vitamin B,. concentrate. Reticuloeytes were 4.2 per cent on the seventh day. Diagnosis 
would have been uncertain if study of the patient had been confined to the initial blood and 


marrow pictures. 


The third of these three groups of patients has been described in order to 
show that in untreated patients with hemoglobin levels between 9 and 12 Gm. 
per 100 ml. of blood and erythroeyvtes between 2,000,000 and 5,000,000) per 
cubie millimeter of blood one may expeet a mixed megaloblastie-normoblastie 
and intermediate cell picture, or erythropoiesis will be normoblastie and 
maeronormoblastic, with some erythroblasts of the intermediate cell type. One 
of the two patients with normoblastic erythropoiesis had no previous specific 
therapy. However, we could see no important differences in the marrows from 
the two patients. 

The first two groups show that, with hemoglobin levels of from 6 to 10 Gm. 
per 100 ml. of blood and erythroeytes between 1,000,000 and 2,000,000 per 
eubie millimeter of blood, normoblasts in any considerable number and inter- 
mediate erythroblasts may or may not be present. Some authors (Chevallier,® 
Bilski-Pasquier, and others) have elaimed that normoblasts are always present 
in the pretreatment marrows, even when the patients are in extreme relapse. 
We do not dispute this claim. However, normoblasts are so scarce in some 
marrows that prolonged searching through the preparations is required to 
locate an oceasional one. 

(. Bone Marrow Alteration Following Specific Therapy im Pernicrous 
Anemia.—Opinions concerning the early changes which occur in bone marrow 
of pernicious anemia patients following specific therapy were mentioned in our 
review of the literature. The general changes in the marrow picture following 
adequate treatment are well known and need not be discussed here. Differences 
of opinion concern some of the details which are difficult to follow in the rapid 
transformation resulting from the customary therapy. 

It has been shown, especially by Rohr®*:°* and Schartum-Hansen,*” ** that 
small doses of the specific therapeutic agent used will cause marrow transforma- 
tion of the same type as that which follows adequate treatment, but the change 
to normoblastie marrow will be slow and often incomplete. For this reason we 
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felt that some of the disputed details could best be studied with small dosage, 
and that the information would be more reliable than that obtained from a 
study of marrow of untreated patients in partial relapse, or from. relapsed 
patients after the customary dosage. However, several of our patients who had 
received adequate treatment were favorable for study of the early marrow 
changes. In three of these who were studied in detail the earliest marrow 
aspiration was done twelve hours and in one of them twenty-four hours after 
the beginning of treatment. 

Two patients received daily intramuseular injections of very small amounts 
of Lederle’s liver extract after the pretreatment marrow had been studied. One 
received Vs unit daily, and aspirations were done twenty-one and forty-eight 
hours later. The other patient received 1 unit daily, and aspirations were done 
at twenty-four and forty-eight hours, and six days. 

Four patients were treated with small amounts of both liver extract and 
folic acid. The liver extract was administered parenterally in all four cases. 
One of these patients received 5 units of liver extract parenterally and 5 me. of 
folic acid by mouth. A second patient received 5 units of liver extract par 
enterally and 5 mg. of folie acid parenterally. In the third, the dosage was 
) units of liver extract parenterally and 2 me. of folie acid by mouth, and in 
the fourth M% unit of liver extract parenterally and 5 me. of folie acid by 
mouth. Sternal aspirations were at twenty-four hours for the first) patient, 
six and thirty-six hours for the second, forty-eight hours and five days for the 
third, and twenty-six and forty-five hours for the fourth. 

The observations recorded the following pages are based chietly on 
detailed study of marrows of the foregoing patients, since they proved to be 
the most favorable ones of the forty-five patients examined. 

D. The Megaloblasts During Treatment.—The small *‘erythrogones’* and 
promegaloblasts, sueh as the smaller cells of Fies. 2 and 4, were discussed 
earlier in this paper. They are always present in the pretreatment marrows of 
relapsed patients, but their relative number compared to the larger cells, like 
those of Figs. 1, 2, and 3, varies from ease to case. As a rule they are more 
numerous with the higher levels of hemoglobin and erythroevte counts, but 
there are exceptions to this. 

Our material does not answer the question whether the presence of a 
greater number of these smaller cells signifies that the patient is not in the 
same degree of relapse as the one who has fewer small and more large primitive 
erythroblasts in his marrow. That this is so might be assumed from the @reat 
increase of the smaller cells in twelve to twenty-four hours after the beginning 
of treatment. The larger cells are greatly reduced in number and in some 
instances have almost disappeared at twenty-four hours. In four of our cases 
this change occurred before the appearance of normoblasts. In the early hours 
the small cells might show little evidence of beginning maturation, especially 
with inadequate medication, but mitoses were numerous. It may be assumed, 
therefore, that one of the first changes after the beginning of treatment is the 
reduction by mitosis in the size of the larger erythrogones and promegaloblasts. 
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Plate 


Fig. 18. “Intermediate erythroblasts,” pernicious anemia, twenty hours after injection of 
15 U.S.P. units of liver extract. The small size of these cells probably is due to the rapid 
transformation of this marrow. Some megaloblasts are still present, but most of the erythro- 
blasts are of intermediate structure. Some of the nuclei are of early normoblastiec structure. 
(Magnification 800.) 

Figs. 19 and 20.—‘‘Intermediate erythroblasts,” pernicious anemia, forty-eight hours after 
first daily injection of 1 U.S.P. unit of Lederle’s liver extract. The two figures are from the 
same marrow film. Since transformation of this marrow was much slower than transformation 
of that from which Fig. 18 was made, the early transitional stages from the large “erythro- 
gone” to the intermediate cells of each figure are larger and more numerous than in the rapidly 
transforming marrow from which Fig. 18 was made. Note atypical mitoses in Figs. 19 and 
23. (Magnification 800.) 
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Plate IV. 
Fig. 21.—Pernicious anemia. Normoblastie transformation forty-eight hours after first 


daily injection of 14 U.S.P. unit of liver extract. The pretreatment marrow did not show the 


picture of complete relapse, a fact whieh probably explains the excellent response to this 
small dosage Cytoplasm of all the cells shows the same degree of polychromasia, but nuclei 
tre in different stages of normoblastic transformation, \ few of the nuclei of the larger cells 
ire still in the early intermediate stage. Note nucleoli in some of the cells. 

Figs. 22 and 23.—Pernicious anemia, twenty-four hours after administration of 5 mg. 
of folie acid by mouth and 5 U.S.P. units of liver extract parenterally. Intermediate erythro- 
blasts, two polychromatophilic normoblasts with double nuclei, and one large pernicious anemia 
type leukoblast in Fig. 22. Fig. 23 shows intermediate erythroblasts and an atypical triple 


mitosis with isolated chromosomes. 
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This rapid inerease in the number of small cells has been noted by others, 
especially Schleicher (1945),°° who referred to them as ‘‘normoblast-like eryth- 
roblasts’’ which will not mature to true normoblasts. 

In some eases not all the larger primitive erythroblasts disappear until 
later, a few being present at thirty-six and forty-eight hours. If the small cells 
are numerous before treatment they are greatly increased in the early hours 
after treatment. This is also true of the normoblasts. For this reason the 
marrow changes resulting from treatment with minimal effective doses are 
seen to best advantage in those cases in which the pretreatment marrow contains 
few normoblasts. Soon after the beginning of treatment any young normoblasts 
present will proliferate rapidly, while at the same time most of the larger 
erythrogones and promegaloblasts also multiply, are reduced in size, and 
eradually transform to the ‘‘intermediate erythroblasts.”’ The speed of these 
changes depends on the adequaey of the medication and the type of marrow 
which existed before treatment was begun. 

A few large erythrogones and promegaloblasts still may be present in the 
twenty-four hour and forty-eight hour marrows along with late megaloblasts. 
We could not decide whether the former had persisted from the pretreatment 
arrow or whether they were newly formed. A few orthochromatic megalo- 
blasts were found in four-day and six-day marrows of patients who were re- 
ceiving suboptimal treatment. One of the four-day marrows contained some 
erythrogones and numerous pronormoblasts but no young megaloblasts. The 
erythrogones were identical with those of the pretreatment marrow but clearly 
were related to the pronormoblasts in the four-day marrow. 

In the opinion of Jones? 8 2° Storti.®* and Seott most of 
the megaloblasts complete their maturation. Lambin and de Weerdt,** and 
Henning and Keilhack found that only a few mature, and Schartum-Hansen*’ 
stated that they all degenerate before reaching the megalocyte stage, and that 
‘*megalocytes”’ and macrocytes of the blood are derived from ‘‘macroblasts”’ 
(pronormoblasts ) 

We find great differences in maturation activity of megaloblasts in the pre- 
treatment marrows of our eases. In some marrows erythrogones and the 
younger megaloblasts, including the early polychromatophilie stages, were 
numerous, while the older stages were scarce. In other patients maturation was 
active and all stages were present and numerous. In two of our patients all 
developmental stages were so numerous that one could hardly speak of ‘‘matura- 
tion arrest’’ in these marrows. 


The first patient had an initial hemoglobin reading of 6.2 Gm, per 100 ml. of blood 
» 


and erythrocytes 1,680,000 per cubie millimeter of blood. She was treated daily with 2 mg. 
of folie acid by mouth and 1 U.S.P. unit of Lederle’s liver extract pareaterally. Reticulo 
cytes were 14 per cent on the sixth day. Marrow taken forty-eight hours after the beginning 
of treatment contained many basophilic and polychromatophilic normoblasts, a few  poly- 
chromatophilic megaloblasts, and many intermediate erythroblasts. Late megaloblasts were 
persent but not numerous. The five-day marrow was normoblastic with a few large pro- 
normoblasts. Three late megaloblasts were seen. 

The second of the two patients with active megaloblastic regeneration had an initial 


hemoglobin reading of 6 Gm. per 100 ml. of blood and erythrocytes 1,960,000 per eubie milli 
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meter of blood. He was given daily injections of 1 U.S.P. unit of Lederle’s liver extract. 
Reticulocytes were 20.6 per cent on the eighth day. This patient had had carcinoma of the 
reetum which had been resected in 1946. He returned to the elinie in 1947, and a diagnosis 
of pernicious anemia in relapse was made. His pretreatment marrow contained many large 
erythrogones and promegaloblasts, also many medium-sized and small basophilic megaloblasts, 
and fairly numerous late megaloblasts. The twenty-four hour marrow showed small basophilic 
megaloblasts and intermediate cells,‘a few normoblasts and older megaloblasts. In the forty 
eight hour aspiration the predominating erythroblasts were intermediate cells, pronormoblasts 


and normoblasts. Medium-sized polychromatophilic and older megaloblasts were still present 


in small numbers, and there was an oceasional promegaloblast. [It seems that there was 
still some megaloblastic regeneration made possible by the suboptimal medication, Figs. 19) 
and were made from this forty erelit hour marrow, The SIX day Marrow Was normoblastie 


except for an ocensionnl late meonloblast, 


The first patient received more adequate treatment, and marrow trans 
formation was more rapid and complete than in the second patient. Even in 
the slowly transforming marrow of the second patient there was not the in- 
erease of typical older orthochromatie megaloblasts that would be expected if 
treatment eaused an inereased rate of maturation. Increasing the amount of 
liver injected hastens the marrow transtormation but does not inerease the 
number of older orthochromatic megaloblasts. This is illustrated in our Fie. 
18, photographed at the same magnification as Figs. 19 and 20.) This marrow 
was taken twenty hours after the injection of 15 units of liver extract. Megalo- 
blasts are still present, but typieal orthochromatie megaloblasts scaree. 
Most of the erythroblasts are basophilic and polychromatie cells of intermediate 
structure; they are smaller than the cells of the marrow shown in Figs. 19 and 


20, probably beeause of the rapid transformation of this marrow. 


Another patient who was in relapse hemoglobin S.S Gm. per 100 ml, of blood, erythro 
eytes 1,730,000 per cubic millimeter of blood received 45 units of liver extract daily 
Marrow was taken before treatment and forty-eight hours after the first Injection, Before 
treatment his marrow contained many small promegaloblasts and basophilic meoulob’asts with 
narrow cell body. The forty-eight hour marrow showed many normoblasts in all stages, but 
especially older, late polychromatophili normoblasts, Im thre latter the evtoplasm had 
matured faster than the nucleus. In spite of this rapid transformation a few polychromat 


ophilie and orthochromatie megaloblasts were seen, indicating continued maturation of the 
few polychromatic megaloblasts still present. However, there was no incresnse in the number 


of older megaloblasts, as claimed by Seott and by Rohr. 


Krom these and other cases of our series we conclude with Jones, 
Fieschi! °° and many others that maturation of megaloblasts present at the 
beginning of treatment continues during treatment. However, their number 
is not increased, for some degenerate, and promegaloblasts transform rapidly 
through numerous mitotic generations and do not produce any more typical 
megaloblasts. With suboptimal treatment megaloblastosis continues for a time, 
alone with the formation of numerous intermediate cells and normoblasts, as 
illustrated in our Figs. 19 and 20, . 

In some cases suboptimal treatment may result in rapid transformation of 
the marrow, as illustrated in Fig. 21, which is from marrow taken forty-eight 
hours after the first daily injection of Yo U.S. P. unit of liver extract. The 
patient had an initial hemoglobin of 6.7 Gm. per 100 ml. of blood, erythrocytes 
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1,760,000, and leukoeytes 2,700 per cubic millimeter of blood. The same amount 
of liver extract was injected daily for a time, and reticulocytes rose from 0.9 
per cent to 20.5 per cent. The initial marrow was characterized by the presence 
of many small basophilic promegaloblasts, a few intermediate cells, and some 
normoblasts. The marrow picture was, therefore, not that of complete relapse. 
At twenty-one hours small basophilie promegaloblasts were still numerous. The 
intermediate cells had inereased in number. At forty-eight hours (Fig. 21) 
there was a complete change of the marrow pieture. Promegaloblasts and 
hasophilie megaloblasts had disappeared, but polychromatie megaloblasts were 
fairly numerous, as were also myeloblasts and pronormoblasts. Most of the 
erythroblasts were of the types shown in Fig. 21. Some of these cells are quite 
normoblastic but others, especially the larger ones, are late intermediate forms. 
Gradations between the latter and normoblasts can be seen in the photograph. 

The peak reticuloevte count of 20.5 per cent shows that the marrow of this 
patient was very responsive to small dosage of liver extract. However, the 
Initial state of the marrow may have been the ehiet factor in the rapid trans- 
formation. Since some change toward normalization was evident before treat- 
ment, the patient might have been in the early stage of spontaneous remission 
In spite of the low hemoglobin and red cell count. 

The patient of Figs. 19 and 20 received twice the dosage of liver given to 
the patient of Fig. 21, but his forty-eight hour marrow does not show the same 
degree of transformation, 

i. The Intermediate Erythroblasts.—We have referred to our Figs. 18 to 
21 as showing cells with nuclear structure that is intermediate between that of 
megaloblasts and normoblasts. Similar cells have been seen and deseribed by a 
number of authors whose opinions regarding their significance have been sum- 
marized in our review of literature. These cells are the ‘‘érythroblastes inter- 
mediaires”” of Lambin and de Weerdt®™ and the Chergangszellen’” of Rohr. 
These authors and others we have mentioned regard these cells as true transi- 
tional stages between megaloblasts and normoblasts, the usual opinion being 
that the change is a gradual one through many generations of dividing cells. 
However, Davidson, Davis, and Innes (1942) believe in direct transformation 
of megaloblasts to normoblasts without intervening mitosis. Jones" classifies 
the cells with the megaloblasts as ‘‘atypical meealoblasts’’ and believes that 
they are not true transitional forms. Dacie and White also include them with 
the megaloblasts as ‘‘intermediate megaloblasts’* and regard them as pathologie 
cells resulting from minor deficiency of hematopoietic principles. 

We found the intermediate cells to be most numerous twenty to forty-eight 
hours after suboptimal treatment was begun. They are present after adequate 
therapy, as shown in Fig. 18 (twenty hours after injection of 15 units of liver 
extract), but the intermediate picture is not as conspicuous as when marrow 
conversion Is Slow (igs. 19 and 20, forty-eight hours after injections of 1 U.S. 
P. unit of liver extract were begun). Fig. 18 shows greater progress toward 


normalization than is evident in Figs. 19 and 20, but megaloblasts are. still 
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present. Polvehromatophilie megaloblasts are seen in the upper right corner 
of Fig. 18 and in the upper central portion. The other cells are intermediate 
forms, some of which are quite normoblastie but not quite normal. 

The intermediate forms tend to retain their nucleoli longer than do normo- 
blasts of normal marrow. This is shown especially well in the slightly poly- 
chromatophilie cell in the upper left corner of Fig. 18. Except for the nucleoli 
the nuclear pattern of this cell is similar to that of basophilic or early poly- 
chromatophilie normoblasts. 

Figs. 19 and 20 are two fields from the same film of concentrated marrow. 
Each field contains one large promegaloblast, and erythroblasts which show 
gradations of nuclear structure from promegaloblasts to cells that are quite 
normoblastie but not typical normoblasts. Fig. 19 is especially good for the 
intermediate forms. We recommend that they be examined with a reading 
glass. An atypical mitosis with scattered chromosomes, characteristic of many 
dividing megaloblasts, is also seen in this field. The color of the eytoplasm 
suggests that this cell is a polyehromatophilic megaloblast. 

Fig. 20 shows some small cells with pyknotie nuclei which probably are 
small normoblasts. Many of the small cells have nuclear buds, or dumbbell- 
shaped nuclei, like the one in the upper margin of the figure, indicating that 
many of the first definitive cells to appear after the beginning of treatment are 
not quite normal. 

Complete division of nuclei without cell division of normoblasts and inter 
mediate cells was seen several times in marrows during the early stages of 
conversion. Fig. 22 shows two cells with double nuelei whieh, according to 
the nuclear pattern, should be normoblasts. The cell below the promyeloeyte 
is a polychromatophilic megaloblast, and the cell to the left of this one is a 
polychromatophilic intermediate erythroblast with nucleus that shows some 
normoblastic characters. The upper left-hand cell is close to the basophilic 
normoblast, although its nucleus is not quite typical of this stage. 

Atypical mitoses, similar to those that have been deseribed in erythroblasts 
of pernicious anemia marrow during extreme relapse (Fiesehi' °°), occur also 
in the normalizing marrows during the early stages of treatment. Examples 
are shown in Fig. 19, and the triple mitosis of Fig. 25. In the latter, two 
isolated chromosomes are to be seen, and one which forms a bud from the main 
chromatin mass. Isolated chromosomes and nuelear buds are also of rather 
frequent occurrence in megaloblasts whose nuclei are in the resting phase. The 
other cells of Fig. 23 are intermediate cells, the lower central one being more 
normoblastic than the others. 

Figs. 22 and 23 are from the same film of concentrated marrow taken 
twenty-four hours after the patient had been given 5 me. of folie acid by mouth 
and 5 units of liver extract parenterally. Before treatment his marrow eon- 
tained many large promegaloblasts and basophilic megaloblasts with prominent 
nucleoli. The twenty-four hour marrow contained very few large promegalo- 
blasts but had many smaller promegaloblasts and basophilic megaloblasts, and 
numerous intermediate cells. A few pronormoblasts and normoblasts were also 
seen. 
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As shown in our photographs, the intermediate cells have nuclei which 
exhibit gradations of chromatin pattern from that of the immature basophilie 
cells of the megaloblast series to the condensed characteristic arrangement of 
chromatin of normoblastie nuclei. The cells are usually reduced in size as the 
nucleus condenses, but in some instances a nucleus that is more or less normo- 
blastic may be developed before there has been any great reduction in size. 
This is illustrated in our Fig. 21. This marrow was taken forty-eight hours after 
the first daily injeetion of 4 unit of liver extract. We have mentioned this 
patient earlier as one who showed excellent response to this small dosage, 
probably because the pretreatment marrow did not show the picture of com- 
plete relapse. In the pretreatment marrow the promegaloblasts and baso- 
philic megaloblasts were small, and there were some intermediate cells, although 
the hemoglobin was 6.7 Gm. per 100 ml. of blood and the erythrocyte count was 
1,760,000 per cubic millimeter of blood. Fig. 21 shows gradations of nuclear 
structure from ‘‘intermediate’’ to normoblastie without any change in the 
character of the cytoplasm. 

After the beginning of treatment the first intermediate cells seem to be 
formed from the erythrogones, promegaloblasts and basophilic megaloblasts 
while they are dividing and being reduced in size. Usually there is considerable 
variation in the size of the cells as their nuclei develop the intermediate echroma- 
tin pattern (Figs. 19 and 20) and the eytoplasm becomes polychromatophilie. 
Since reduction in size of the earliest megaloblasts is one of the first changes 
noted after the beginning of treatment there are few of the largest basophilie 
erythroblasts present at this time. 

Large groups of medium-sized transforming erythroblasts may show nuclear 
condensation and strueture that is more or Jess normoblastie in a eytoplasm in 
which little or no hemoglobin has developed. This is illustrated in our Fig. 21, 
and in the photographs and colored figures published by Astaldi, Baldini, and 
Frugoni. The latter figures show that there has been great reduction in the 
size of the erythroblasts and condensation of their nuclei, while the eytoplasm 
has remained very basophilic. These figures are from twenty-hour and thirty- 
hour tissue cultures of pernicious anemia marrow after the patient received 
an injection of liver extract. The erythroblastie nuclei of the thirty-hour eul- 
ture, while markedly condensed, are of intermediate structure rather than 
normoblastic, as stated by Jones and Smith (1950). The transformation toward 
normoblastic nuclei has progressed farther in our Fig. 21. The cytoplasm of 
all of these erythroblasts is in about the same stage of early polyehromasia, 
although some nuelei are more normoblastie than others. These cells probably 
have been derived from medium-sized basophilic megaloblasts and promegalo- 
blasts, which were very numerous at twenty-one hours. 

The first intermediate cells usually appeared within twelve to twenty-four 
hours after the beginning of treatment and before the myeloblasts had become 
numerous. Myeloblasts and normoblasts were scarce in many of our pretreat- 
inent marrews, and these proved best for study of the origin of the first inter- 
mediate cells. In most cases we could not detect any considerable increase of 
myeloblasts earlier than forty-eight hours. Transitional stages between them 
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and normoblasts were noted, but we could not be certain that myeloblasts 
developed to intermediate cells, which might be numerous in the early hours 
while myeloblasts were scarce. However, in one case myeloblasts and transi- 
tional stages between them and normoblasts appeared twelve hours after injec- 
tion of 15 units of liver extract, while intermediate cells were not numerous until 
twenty hours after injection. We could not see any relations between the early 
myeloblasts and the later-appearing intermediate cells. 

These observations, our Fies. 18 to 21, and those published by Woller, 
Astaldi, Baldini, and Frugoni, and Rohr*t are evidence in favor of the deriva- 
tion of most of the intermediate erythroblasts of pernicious anemia under treat- 
ment from the immature basophilic primitive erythroblasts and youngest megalo 
blasts, rather than from the myeloblasts, which are not numerous in the early 
transformation stages. However, it is possible that some might be derived 
from myeloblasts as well as from free reticular cells (hemohistioblasts and 
primitive erythroblasts (erythrogones), for Lambin and de Weerdt," Jones.” 
Zuelzer and associates, and others have stated that the intermediate forms ap 
pear before the megaloblasts in early relapse. Koller expressed the beliet that 
basophilic normoblasts also may produce intermediate cells and megaloblasts 
when relapse is developing, but that during the recovery phase the intermediate 
cells are formed from the voungest megaloblasts. 

The intermediate cells also appear when there is partial deficieney ot 
hematopoietic principle in marrows which become megaloblastic with e@reater 
deficiency, and in some refractory megaloblastic anemias (Dacie and White, 
Davidson, and Schartum-Hansen®*). If there also should be shift to the lett 
ot eryvthropotesis there would be primitive erythroblasts which could transform 
to the intermediate types. 

The marrows of a few of our patients contained more than the usual mum 
ber of myeloblasts, intermediate cells and normoblasts in addition to the megato 
blasts. and so it ean be assumed that these patients were in incomplete relapse 
We have not had the opportunity to follow the early marrow changes of a 
progressive relapse. 

By mitosis and differentiation intermediate cells produce generations of 
eells which gradually become normoblastie, and finally normoblasts. the 
meantime, many of the intermediate cells differentiate to erythrocytes of large 
size. This results in the presence of polychromatic intermediate cells of various 
sizes and stages of differentiation. These cells are not necessarily derived 
from polychromatie megaloblasts, as claimed by Lambin and de Weerdt,** 
and by Zuelzer and associates for some of them, or from orthochromatie megalo 
blasts as claimed by Pappenheim.*! Completely orthochromatic erythroblasts 
cannot divide according to Wenderoth, who recently has made a careful study 
of this problem. We could not get anyevidence that favored the direct trans 
formation of megaloblasts to normoblasts claimed by Davidson, Davis, and 


Innes. who have stated that transformation is not the result of mitosis. 

We agree with Lambin and de Weerdt,’ Jones,* Zuelzer and associates, 
Dacie and White. and others, that the ‘‘intermediate erythroblasts” are im 
portant constituents of the bone marrows of patients with megalocytie types 
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of anemia in whom there is a minor deficiency of the ‘‘liver faetor.”” This 
includes patients in whom there never may be extreme deficieney, patients in 
the early stages of progressive relapse, and those in the early recovery phase 
trom relapse following treatment. The intermediate cells may oeeur in the 
narrow at times when there are no megaloblasts and may thus be an important 
aid to diagnosis. Along with normoblasts the intermediate cells may be present 
in pretreatment marrow during relapse, but we eannot agree with Sehartum- 
Hansen’? that they are always present during relapse. 

Until further study shows that similar cells occur in other types of anemia 
it might be best to refer to them as ‘atypical megaloblasts,’’ as suggested by 


Jones, or as ‘intermediate megaloblasts,’" as suggested by Dacie and White. 


SUMMARY 

Bone marrow aspirations were studied from two cases of sprue, three of 
hemolytic anemia, one with macroeytie anemia with normoblastic hyperplasia, 
several with normoblastic hyperplasia and uncertain diagnosis, and forty-five 
cases of pernicious aneniia. The pernicious anemia patients were in complete 
or partial relapse, or in various stages of recovery following administration of 
optimal and suboptimal specifie therapy. Suboptimal dosage gave the best 
material for study of the slow transformation of marrow from patients in ¢om- 
plete relapse. 

The primitive erythroblasts (ervthrogones, proerythroblasts ot pernicious 
anemia are all of the same general type but vary in size, in basophilia ot 
evtoplasm, and in size and character of nucleoli. Differences between them and 
the corresponding cells of normoblastie hyperplasia are no greater than between 
individual proeryvthroblasts of pernicious anemia. The most immature erythro- 
blasts from both types of marrow ean, therefore, be assumed to be identical. 
Both are derived from reticulum without going through a myeloblast stage, as 
in normal hemopolesis. 

Mveloblasts are scarce in some pretreatment marrows, and do not become 
humerous until some forty to forty-eight hours after the beginning of treatment. 

Most of the large erythrogones and promegaloblasts are reduced in size in 
twelve hours after the beginning of treatment and begin transforming to inter- 
mediate ervthroblasts in twenty to forty-eight hours, depending on treatment, 

Intermediate erythroblasts usually appear before the myeloblasts become 
Numerous. 

Maturation of older megaloblasts continues after treatment is initiated, 
hut the rate of maturation is not increased. Most of the immature basophilic 
promegaloblasts and erythrogones transform to intermediate erythroblasts, and 
these in turn to macroeytes or normoblasts. New promegaloblasts are no longer 
developed, 

Older megaloblasts do not transform directly to intermediate erythroblasts 
or to normoblasts. 

Intermediate erythroblasts are of clinical importance because their presence 


signifies a megaloblastic type of anemia, even though meegaloblasts may not be 
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present at the time of examination, beeause of minor deficiency of hematopoietic 
factor. 

Intermediate erythroblasts retain their nucleoli during maturation longer 
than cells of the normoblastic series. 

Nuclei may change from intermediate pattern to normoblastic pattern with- 
out increase of hemoglobin beyond the early polychromatophilie stage. 

Intermediate ervthroblasts and the first normoblasts appearing after treat- 
ment may show abnormalities similar to those described for megaloblasts. 

There is great variation in the rate of maturation of megaloblasts in pre- 
treatment marrows. In a few cases there is little or no maturation arrest. 
Older megaloblasts are scarce in most pernicious anemia marrows when com 
pared to the number of older normoblasts in normopoiesis. 

Most of the first normoblasts to appear after treatment are derived from 
intermediate erythroblasts; others are derived from = preexisting normoblasts, 
and from myeloblasts, especially after the latter have inereased in number, 
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STUDIES ON PLATELETS. V. OBSERVATIONS ON THE REMOVAL 
BY THE PULMONARY CIRCULATION OF PLATELETS INJECTED 
INTO PATIENTS WITH IDIOPATHIC THROMBOCYTOPENIC 

PURPURA 
Mario STEFANINI, M.D.,* Jvort B. M.D.,** 
DAMESHEK, M.D. 
Boston, Mass. 


AND 


WITH THE TECHNICAL ASSISTANCE OF LUCY SALOMON 


of previous investigation! have shown that platelets disappear 
promptly when injected into the circulation of patients with idiopathic 


thromboeyvtopenie purpura (LT.P.).'. The implications of this finding for the 


interpretation of the pathogenesis of have been discussed at length.' Sum- 
marizing brietly, it may be said that prompt disappearance of injected platelets 
in F.T.P. could most likely be attributed to any or several of the following 
mechanisms: (a) removal and ‘‘sequestration’” of platelets by various organs; 
lh) ereatly increased utilization of platelets; or, (¢) destruction of platelets in 
the peripheral circulation. The last-quoted hypothesis is supported by our 
findines,’ the observations of Evans and associates,’ and the experi- 
mental results of Harrington and associates.’ It should be mentioned, however, 
that L.T.P. is very likely a protein disease, where many different pathogenetic¢ 
mechanisms might be at play in the individual patient. 

All faetors whieh might be responsible for the rapid disappearance of in- 
jected platelets in ETP. are being systematically investigated at present. Thus 
far we have focused our attention on the role of removal of circulating platelets 
various oreaus in the pathogenesis of the thromboevtopenia GE In 
view of the obvious although mysterious relationship of I.T.P. to the spleen, 


the ability of this organ to ‘sequester’? platelets was investigated first, and our 


negative results are being reported. The present communication is a eriti¢al 
study of the ability of the pulmonary circulation to remove platelets in patients 
with I.T.P. This investigation became necessary in view of the observations of 
Weisberger and associates and of Bierman and c¢o-workers”® © on the role of the 
pulmonary circulation as a site of precipitous removal of leukocytes in man and 
experimental animals. Patients with I.T.P. were transfused with platelet-rich 


polveythemie blood, and the differences in platelet count between samples simul- 
taneously collected from a vein of the arm and the common carotid artery re- 
corded. With the limitations commented upon in the discussion, the results 
could be taken to give information on the removal of platelets during their pas- 
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sage through the lung. In view of the potential danger of the procedure in pa- 
tients with bleeding tendency, no attempt was made to use the more exact 


technique of intracardiac catheterization. 


MATERIALS AND METHODS 


The studies deseribed in this paper were conducted in two young patients With D0 ... 
of the ‘‘acute’’ variety... Of these patients, Arthur P. made a spontaneous recovery, and 
the other, Timothy M., was splenectomized in view of the extreme severity of the bleeding 
manifestations a few days after our studies had been completed. Splenectomy was followed 
by recovery to date. 

Under general ether anesthesia,* direct transfusion of platelet-rich polycythemie blood 
was started in the patient, utilizing a vein of the forearm. The technique of direct transfusion 
using completely Siliconized apparatus has been described in detail in a previous communica 
tion.1 After at least 200 ml. of blood had been injected, and while the direct transfusion 
was being continued, needles were introduced in the cephalic or basilic vein of the arm other 
than the one where the blood was being administered and in one common carotid artery. 
The direct transfusion was continued at a speed of approximately 20 ml, a minute; samples 
of blood were collected after the administration of approximately 15 ml. of polycythemic 
blood per kilogram of weight, and at five, ten, and fifteen minutes after the end of the direct 
transfusion. All needles were then removed, and a steady pressure applied for a few minutes 
over the site of the puncture of the common carotid artery, A small-sized hematoma formed 
in both cases, which receded in a few days without complications. Platelet counts in the 
peripheral blood were taken at regular intervals of time to establish the rate of disappearance 
from the peripheral circulation of the transfused platelets, 

Silicone-coated 19-gauge needles were used for the collection of blood from the 
venous and arterial sides, a continuous very slow aspiration of blood into a glass syringe 
being maintained to prevent clotting of blood in the needles. When samples of blood were 
collected, Silicone-coated syringes were substituted and the necessary volume ot blood was 
withdrawn with caution to prevent foaming. The blood was then transferred to a series of 
test tubes: (a) glass test tubes for the determination of the clotting time of whole blood, 
clot retraction, prothrombin activity of serum, and total and direct reacting serum bilirubin; 
(b) Silicone-coated test tubes from which samples were taken immediately for red cell, white 
cell, reticulocyte, and platelets counts, hemoglobin determination, and for preparation of films 
for differential leukocyte counts; (c) Silicone-coated test tubes containing 1/10 volume 
of 0.1M of sodium oxalate for the determination of activity of prothrombin and P.P.C.F. 
(labile factor) of plasma, fibrinogen level, and fibrinolytic activity of plasma; (d) glass 
vial containing dry powder of balanced oxalate? for the determination of the hematocrit 
value. Most of the technique used in these studies has been described in previous com 
munications.10-12 The platelet count in the peripheral blood was obtained by the method 
of Dameshek.s 

RESULTS 


The results of this investigation are summarized in Table T and Fig. 1. 
It was confirmed that, when necessary precautions are taken,’ a definite eleva 
tion of the platelet level may be achieved in patients with I.T.P. This, as shown 
previously,’ is transient, the number of circulating platelets being back to the 
original value in the short period of thirty minutes to twelve hours. In our 
patients, both eases of the ‘‘acute’’ variety, the rate of disappearance of in- 
jected platelets was of forty-five minutes and seventy-five minutes, respectively. 


*We are indebted to Dr. Robert N. Reynolds, Department of Anesthesiology, New England 
Center Hospital, for this procedure, 
+By Dr. Vernon Marks, Department of Neurosurgery, New England Center Hospital 
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Together with the rise in platelet count, the retraction of the clot and the utiliza- 
tion of prothrombin during the process of blood coagulation were normalized 
temporarily. 

It was not possible to detect significant differences in the platelet count 
between samples taken from a brachial vein and the common carotid artery, at 
the time when polyeythemie blood direct transfusion had just been completed 
and for some time afterward. In both cases studied it was found that a slightly 
higher platelet level could be found in the blood collected from the arterial 
side of the circulation. Although this finding is in agreement with the generally 
admitted observation that higher platelet count is found in the arterial than 
in the venous side, the differences recorded were well within the limits of ex- 
perimental and technical errors, and were probably insignificant. Likewise, 


only minimal differences were noted in other blood constants studied. 
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PERIPHERAL BLOOD 
TRANSFUSION (POLYCYTHEMIC BLOOD) 


Fig. 1.—Diagrammatic representation of the study described in this article and com- 
parison of the platelet count in venous, arterial, and peripheral blood of a patient with I.T.P. 
following the direct transfusion of platelet-rich polycythemic blood. 


DISCUSSION AND CONCLUSIONS 


The findings presented in this paper should be evaluated carefully in view 
of the limitations of the basie experiment involved. Our results, in this ease, 
are obviously less significant and unequivocal than those previously reported 
with regard to the spleen.* In the latter case we were dealing with an organ 
with somewhat sluggish circulation; in the former with an organ through which 
large volumes of blood pass in the unit of time. This faet should be kept in 


mind when interpreting our findings. 
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Our results do not clearly suggest that the pulmonary circulation removes 
platelets actively in L.T.P., but their analysis also cautions against the conelusion 
that they exclude such a mechanism, Thus, in Case 1 we observed a drop of 
140,000 platelets per cubic millimeter in a period of fifteen minutes, a loss ot 
about 10,000 platelets per minute, or approximately 5,000 per cubic millimeter 
during each complete circulation of blood. In Case 2, the platelet loss was 
approximately 5,500 per cubic millimeter per minute. Should the lung remove 
platelets at sueh a slow rate, our present counting techniques would) probably 
he inadequate to detect the differences in platelet count between the arterial and 
the venous side of the pulmonary circulation. We feel that, when eritieally 
interpreted, our findings may be taken to indicate that platelets disappear very 
quickly when injected into the peripheral circulation of patients with I.T.P., 
without showine conclusively whether their removal takes place in the periph- 
eral cireulation, the pulmonary cireulation, or both. This conclusion might 
probably be interpreted as supporting our previously expressed view that re- 
moval of blood platelets in [.T.P. is not due to their **selective’’ precipitous 
sequestration in any particular eireulatory district. A more important conelu- 
sion of our work is apparently that the pulmonary circulation is unable to re- 
move platelets as precipitously as white cells. 

With the accumulation of these negative findings, the mystery of the meeh- 


anism of injeeted platelets in L.T.P. 


remains unsolved. Several possibilities may 
he considered: (1) increased utilization of thromboevtes in the peripheral eireu- 
lation; (2) destruction of thromboevtes in the peripheral vascular bed (pres- 
ence of antiplatelet antibodies in the circulation of these patients?) ; (3) direet 
attack of platelets by cireulating antibodies and, consequently, easier trapping 
and destruction of ‘‘sensitized”’ platelets by the spleen (?) and reticulo-endo- 
thelial tissue; (4) excessive splenic activity resulting in inhibition of production 
or release of thromboevtes from the bone marrow megakarvoeytes. Any of these 
postulated mechanisms could be active in the individual case, the first and seeond 
likely being at play in the “acute” and the third in the “chronic” variety of 
the disease. Sueh possibilities are being systematically investigated at present. 
SUMMARY 

Samples of blood were collected simultaneously from common carotid artery 
and one brachial vein in two patients with idiopathic thromboeytopenie purpura 
of the ‘‘aeute’’ variety, at the end and at various intervals of time after the 
direct transfusion of platelet-rich polyevthemice blood into the peripheral cireu- 
lation. The injected platelets disappeared quiekly, but no significant differences 
in platelet level could be found at any time between the samples colleeted from 
the arterial and venous side of the pulmonary circulation. Although it eannot 
be exeluded that active removal of platelets occurs in the lune, this obviously 


does not take place so preeipitously as deseribed for the white blood cells. 
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IRON ABSORPTION BY WOMEN: COMPARISON OF THREE 
FERROUS SALTS 
Mary R. Gram, M.S., AND RutH M. Leverton, Pu.D. 
LINCOLN, NEB. 


A NEED exists for specific information on the absorption, by human sub- 
jects, of iron from different iron salts which are used medicinally or in the 
enrichment of certain foods. Results of studies on rats and dogs are not com- 
pletely applicable to man. 

In man the absorption of iron from the gastrointestinal tract is normally 
controlled by his need for it. A person who is deficient in iron or who has an 
increased need, as in growth, pregnancy, and lactation, absorbs a greater pro- 
portion of the iron from the daily intake than does a normal person. 

The study being reported was planned to compare the iron absorption and 
hemoglobin response of women given iron in the form of ferrous gluconate, 
ferrous lactate, or ferrous sulfate. Healthy nonanemie women were chosen for 
subjects in order to control in so far as possible the effect of iron need on iron 
absorption and thus reduce variability among the subjects. Kighty-three college 
students and staff members ranging in age from 18 to 42 years and living on 


self-selected diets served as subjects. 


METHODS 


Kor a period of four weeks, ferrous gluconate was given daily to twenty-seven of 
the women, ferrous lactate to twenty-nine, and ferrous sulfate to twenty-seven. The 
daily iron medication was: ferrous gluconate, 99 mg.; ferrous lactate 102 mg.; and 
ferrous sulfate, 101 mg. Capsules containing the iron salt were made especially for the 
study, and the maximum variation in the iron content of different capsules containing 
the same salt was 1 per cent, or 1 mg. The subjects took the capsules with the evening 
meal, and did not eat liver nor spinach during the month of medication, 

Complete fecal collections were made during the third and fourth weeks of medi 
cation, that is, from the fourteenth through the twenty-eighth day, 

The authors have had extensive experience with the analysis of biological materials 
for iron, Extreme precautions are routinely taken to avoid contamination and to insure 
recoveries between 98 and 102 per cent of quantitatively added iron (Leverton'). The 
fecal excretions of each subject for the two-week period were combined and made into 
a slurry with 10 per cent HCl, then an aliquot was ashed at 500° C., just below ‘‘red’’ 
heat. The white ash was dissolved in HC], and the iron in it was determined by the 
method of Pohle and associates.2. The optical density of the colored complex formed by 
1,10-phenanthroline and the reduced iron was measured in a Beckman spectrophotometer 


for which the extinction coefficient of iron had been determined. 

Presented before the American Institute of Nutrition, Cleveland, Ohio, 1951. 

From the Human Nutrition Research Laboratory, Agricultural [Experiment Station, Lin- 
coln, Neb. The work was supported in part by a grant from the Smith Dorsey Company, 
Lincoln. 

Published with the approval of the Director as paper no. 542, Journal Series, Nebraska 
Agricultural Experiment Station. 
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Hemoglobin determinations were made in duplicate for two consecutive days before 
medication began and weekly thereafter until four weeks after medication had been 
discontinued, To avoid diurnal variation in hemoglobin values the venous blood samples 
for each subject were taken at the same time of day for each of the tests. Hemoglobin 
was converted to oxyhemoglobin in 0.1 per cent sodium carbonate, and the light trans 


mittance of the solution was measured in the Sheard-Sanford photelometer. 


RESULTS 
The mean daily intakes and absorptions of iron during the third and fourth 
weeks of iron medication are shown in Table I. The mean daily iron absorption 


bv subjects given ferrous eluconate was 9 me. (S.D. — 18.9). ferrous lactate 
13 mg. (S.D. = 13.2), ferrous sulfate 11 me. (S.D. = 10.0). The absorption 


was small because the need as evidenced by the normal hemoglobin values was 
small, Analysis of variance did not show a significant difference amone these 
means. 

For further analysis of the data the subjects were sorted into three groups 
on the basis of individual performance and the mean absorption of each group 
is also presented in Table I. Group 1 includes those who stored more than 5 me. 
of iron daily; Group 2, those who excreted more than 5 me, in excess of the 
amount they were ingesting; and Group 3, those who neither stored nor lost 
more than 5 mg. of iron daily and therefore were considered to be in equilibrium. 

This rather generous interpretation of equilibrium allows for some of the 
vagaries of the digestive tract in the absorption and exeretion of iron. Even 
among healthy individuals there are differences in gastric acidity, intestinal 
motility, and iron requirement which cause variation in iron absorption. 

Sixty-three per cent of all the subjects were storing iron, 23 per cent were 
in equilibrium, and 14 per cent were losing iron from the body. The loss of iron 
by 14 per cent or twelve of the subjects when on daily intakes as high as 110 
mg. of iron was unexpected, and is not easily explained. Diarrhea did not oeeur 
among these subjects. 

Although only small differences in the absorption of iron from the three 
ferrous salts were observed, more subjects absorbed iron from ferrous lactate 
than from the gluconate or sulfate. Seventy-two per cent of the women given 
ferrous lactate stored iron and their mean daily absorption was 19 me. (S.D. 


9.9). In contrast to this, only 52 per cent of the women given ferrous gluconate 


stored iron, however, their mean daily absorption was 24 me. (S.D. 13.6 
and 63 per cent of the women given ferrous sulfate stored iron with a mean 
daily absorption of 16 mg, (S.D. = 8.8 


The means and standard deviations of the hemoglobin values for all subjects 
eviven each iron salt are shown in Table Il. Hemoelobin values did not change 
significantly during the four weeks of the medication nor during the four weeks 
after medication had ceased. Nor was there any difference in the hemoglobin 
response of the subjects who were storing iron as compared with those in equi- 
librium or with those who were losing iron. 


SUMMARY 


Twenty-seven normal women were given ferrous gluconate, 29 ferrous lae- 


tate, and 27 ferrous sulfate at a level of approximately 100 meg. of iron daily 
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for four weeks. Lron absorption, or the difference between intake and feeal ex- 
eretion, Was measured during the third and fourth weeks of medication, and 
hemoglobin values were determined weekly during medication and for four weeks 
thereafter. The mean daily absorption of the subjects who were given ferrous 
eluconate was 9 me., ferrous lactate 13 me., and ferrous sulfate 11 mg. The 
difference between these means was not statistically significant. However, there 
was some indieation that the women absorbed iron from ferrous lactate some- 
what more consistently than from ferrous gluconate or ferrous sulfate. The 


hemoglobin of these normal women did not increase with iron medication. 


TABLE I. MEAN DatLy INTAKI AND ABSORPTION OF TRON DURING THIRD AND FOURTH WEEKS 
OF MEDICATION 


FERROUS FERROUS FERROUS 
GLUCONATI LACTATI SULFATE 
MEAN S.D.1 MEAN S.D. MEAN S.D. 
All subjeets | 29 
Intake Fe me. 109 
Absorption (mg. q 18.9 1 13.2 1] 10.0 
Group l 
Subjeets storing iron 14 21 17 
Per cent of subjects He 12 65 
\bsorption me. 13.6 14 16 
Group 2 
Subjects losing iron ] 
Per eent of subjects 29 10 } 
\bsorption my. 1] 64 6 0) 
Group « 
Subjects in equilibrium 
Per cent of subjects 19 17 33 
\bsorption (meg. l 0) Zeb 1.9 
The self-selected diets supplied approximately 10 mg. of iron daily 
Standard deviation 
Tl. MerAN HeMoGLoOBIN VALUES BEFORE, DURING, AND AFTER FoUR WEEKS OF IRON 
MEDICATION 
FERROUS FERROUS FERROUS 
GLUCONATI LACTATI SULFATI 
PIME OF MEAN S.D. MEAN S.D. MEAN S.D. 
Number of subjects DY 
Initialt value, gm. per cent 13.4 0.65 13.2 0.73 13:1 0.69 
Week of medication 
| 0.79 0.77 13.1 0.67 
O.90 13.1 0.73 OFS 
4 0.77 O.S4 13.4 0.65 
Week after medication 
2 lav 0.9] 0.606 
3 13.4 0.93 13.4 0.91 lan 0.88 
} 13.4 0.82 Ease O.76 13.4 0.69 


Standard deviation. 
fAverage of two values on consecutive days 
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THE RATE OF DISAPPEARANCE OF TODINATED HUMAN ALBUMIN 
FROM THE SERUM IN RELATION TO ALBUMIN CONCENTRATION, 
TOTAL CIRCULATING ALBUMIN CONTENT, AND THE PRESENCE 

OF ASCITES IN PATIENTS WITH CIRRHOSIS 
P. Tyor, M.D., AND Davip Cayer, M.D. 
WINSTON-SALEM, N. ©. 


with portal cirrhosis have many metabolic abnormalities, Of 
particular importance is the disturbance in the synthesis and metabolism 
of the albumin fraction of serum. Previous studies have shown that the diminu- 
tion in concentration of albumin in the serum of human patients may be cor- 
related with the development of ascites—a complex disturbance which is in 
fluenced by many factors.’* 

The presence of ascites is a sign indicating a poor prognosis. Other aids 
to prognosis are the concentration of albumin in the serum and the total cir- 
culating albumin content, both of which depend upon the rate of formation of 
this protein.’ * The ability of patients with cirrhosis to utilize albumin as a 
source of protein, as well as their ability to absorb other forms of protein, has 
been reported.’* Previous studies, however, have not permitted observations 
on the rate of metabolism of albumin. 

In the present study, using isotopie methods, iodinated human albumin was 
injected into patients with portal cirrhosis with and without ascites, and into 
control subjects.°"! The rates of disappearance from the vascular compartment 


in the three groups of patients were then compared. 


MATERIAL 
Twenty three hospitalized individuals were studied. They were divided into three 


groups as follows: 


Group 7 consisted of eleven subjects” ten men and one woman without clinieal o1 
laboratory evidence of liver disease. The ages ranged from 21 to 44 years, Nine had 
psychoneuroses, and two had epilepsy. 

Group 2 consisted of seven patients—four men and three women—with enlargement 
of the liver and e¢linical evidence of cirrhosis; none had ascites. The ages varied from 23 
to 56 vears. In all these patients liver function testst were abnormal and needle biopsies 
of the liver were diagnostic of portal cirrhosis. One subject was restudied after an interval 
of eight weeks, at which time he was improved. One patient died of a gastrointestinal 
hemorrhage twelve weeks after being studied, and permission for autopsy was not obtained. 
The remaining patients were living and showed clinical improvement; none have developed 
ascites, 


From the Department of Internal Medicine, Bowman Gray School of Medicine of Wake 
Forest College and the North Carolina Baptist Hospital. 

This investigation was supported by the U. S. Atomic Energy Commission under a con- 
tract with the Bowman Gray School of Medicine, and by a research grant from the Division 
of Research Grants and Fellowships of the National Institutes of Health, U. S. Public Health 
Service. 
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Group 3 consisted of five patients—four men and 1 woman—with portal cirrhosis and 

ascites. The ages ranged from 385 to 69 years. The four patients in whom liver biopsies 

were done had histologic findings which were diagnostie of cirrhosis. All had altered liver 

function tests. Four patients died two to eight weeks after being studied. One of these 

patients was restudied after a six-week interval of treatment two weeks before death. 
The remaining patient is clinically improved, 


13! PAGGED ALBUMIN* 


The iodinated albumin was diluted with 250 ml. of sterile physiologic saline to give 
1.5 to 3 we of radioactivity per milliliter of solution to be injected. There was less than 
1 Gm, of albumin in 20 ml. of the diluted solution. 

The stability of the preparation was tested by dialyzing a highly radioactive solution 
of the iodinated albumin against distilled water at room temperature. At seventy-two hours, 


less than 1 per cent of the total activity was found outside the membrane. 


METHODS 


In preliminary studies on two patients with anarsarca, six blood samples were taken 
serially at five-minute intervals following the intravenous injection of 10 ml. of the 
iodinated solution and 10 ml. of ‘T-1824 dye (Evans Blue).'2. It was found that both 
solutions reached a state of equilibrium throughout the vascular compartment at fifteen 
minutes, and showed no significant variation at the thirty-minute interval. The values 
obtained with the use of iodinated albumin were somewhat lower than those found with 
[-1824, In a similar study on eight patients without edema or ascites, it was found that 
equilibration of the iodinated albumin and T-1824 took place in ten minutes and was 


maintained for thirty minutes, These studies confirmed the results of others, who have 


found that plasma volume determinations using iodinated albumin tend to be smaller 
than those obtained with the dve T-1824.18, 14 

The activity of all subjects was limited during the study. The control subjects were 
given a diet containing 90 to 100 Gm. of protein per day. The patients with cirrhosis 
were offered 120 to 130 Gm. of protein per day, and tube feeding was instituted when 
the intake was deficient. In the patients with ascites the salt intake was reduced to 
0.8 to 2.0 Gm, per day. No attempt was made to restrict fluids. Diuretics and parenteral 
fluids were not administered before or during the study. Paracentesis was not done until 


after completion ot the study, except for the withdrawal of 10 ml. of ascitic fluid from 


the patients in Group 3 for determination of radioactivity and albumin content. All 


patients were weighed daily during the study, and no significant variation was noted. 


On the morning of the study each patient was weighed before breakfast. With 


the patient supine, 10 ml. of blood was withdrawn from an arm vein and used for deter 
mining the serum albumin concentration. The iodinated albumin solution was then 
injected into the same vein, from a calibrated sterile syringe. In Groups 1 and 2, 10 mi. 


was injected into each patient; in Group 3, 20 ml. was injected to facilitate counting. 


Since it has been suggested that the plasma volume is frequently increased in patients 


with cirrhosis, a fifteen-minute period was allowed for the injected iodinated albumin 


to reach equilibrium throughout the vascular compartment in Groups 2 and 3.4,15 In 


the control patients (Group 1) only ten minutes was allowed to elapse. After ten minutes 


in the control patients and fifteen minutes in the patients with cirrhosis, the second blood 


sumple (10 ml.) was removed from a vein in the arm opposite to the site of injection. 


Ten-milliliter samples were again withdrawn twenty-four, forty-eight, and seventy-two 


*The tagged human serum albumin was obtained through the courtesy of Dr. D. L. 
Tabern of the Radioactive Pharmaceuticals Department of Abbot Laboratories, North Chicago, 
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hours after injection, All samples were allowed to clot in clean dry test tubes for at 
least one hour and then centrifuged at 3,000 rp.m, for twenty minutes, One milliliter 
1 air before being 


of the supernatant serum was pipetted into metal planchets and dried in 
counted. 
LABORATORY DETERMIN ATIONS 


Physiologic Methods. The serum albumin concentration was determined bys the IKK jeldalil 


method. 


The radioactivity Was measured by an autosenler, using a shielded end-window Geige! 
tube in a fixed geometry. \ standard consisting of 0.1 ml. of the diluted) solution of 


iodinated albumin in 25 mil. of plasma was prepared tor counting at the same time and 
in the same manner as the blood samples, All samples were counted together within 
ninety-six hours after the injection of the iodinated albumin. The activity of each sample 
was at least ten times background and was counted for a period sufficient to reduce the 


error to less than 2 per cent a total of 4,096 counts 


In several patients 1 ench group serum radioiodide determinations were made by the 
following method: two milliliters of serum, obtained at each of the various time intervals, 
Was precipitated with 2 mil. of 20 per cent trichloracetic acid. After being allowed to stand 


for several hours in clean, dry test tubes, the precipitate was centrifuged for twenty minutes 


at 3,000 rpm. Two n iiliters of the supernate Was then transferred to metal planchets 
and its radioactivits determined, None of these san ples showed signifieant a wit 
| ty of the ascitic fluid was determined. 


In four of the patients m Group 3, the radioactivity 


Ten milliliters of ascitic fluid was withdrawn twenty-four, forty-eight, and seventy-two hours 
after the injection of tagged human serum albumin. This fluid was prepared like the serun 
and the radioactivity. of ml. samples was determined, Mquilibration between ascitic fluid 
and serum was found to be present at twenty-four to forty-eight hours 
COMPUTATION OF DATA 
The data were computed as follows: 
total netivits mnjyected eounts milliliter 
1. Plasma volume 
serum concentration 10 or lo minutes after on 
eounts “milliliter 
» Total circulating albumin (Gm, kilogram plasi volume |./kilograr 
serum albumin concentration (Gm. per cent 
3. Rate of disappearance of 1221 albumin from vascular compartment t time 
concentration in serum at time interva X (counts/n ter 100) 


total netivity injected (counts/milhiiiter 


STATISTICAL ANALYSIS 


The mean values in the three groups Were compared, and the mean and standard errors 
were enleulated. The following formulas were used, 1 which sd stundard error, 5S 
pooled variants, 1 number of determinations in first group, 0 number of determina 
tions in second group, and d difference between the means. The value for t Was con 


sidered significant when P <.01. sd \ t 


RESULTS (TABLES I AND II 
The mean weight and plasma volume (both absolute values and those cor- 
rected for body weleht ) did not differ significantly amone the three 
When the rate of disappearance of the tagged albumin from the vascular 


compartment was compared in the three groups (Iie. 1), there was no sig- 
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nificant difference between means during the first forty-eight hours. The dis- 
appearance rates in the controls and in the cirrhotie patients without ascites 
were similar at forty-eight and seventy-two hours (79.80 + 5.85 and 80.69 + 2.589, 
respectively). In the patients with cirrhosis and ascites, however, the dis- 
appearance rate at forty-eight to seventy-two hours was significantly slower 
than those in groups 1 and 2 (t = 3.08 and 3.21, respectively ) 

The serum albumin concentration in both groups of cirrhotic patients was 
significantly reduced, as compared with the controls. The mean serum albumin 
concentration of the patients with ascites was also significantly lower than the 
mean value in the cirrhotic patients without ascites (2.14 + 0.48 and 3.72 + 0.82, 
respectively ; P < 

The mean total cireulating albumin was significantly less in the patients 
with ascites than in groups | and 2 (t 10.85 and 3.09, respectively). The 
difference between the cirrhotic patients without aseites and the control subjects 


Was not sienifieant 


RATE OF DISAPPEARANCE OF IODINATED SERUM ALBUMIN 
FROM THE VASCULAR COMPARTMENT 
Mean Values 


| 4 
x< 
oO | 
2 
O 
e CONTROLS 
~~» | 
| CIRRHOTICS © ASCITES 
24 48 72 
HOURS 
Fig. 1 


DISCUSSION 


rom the data, a correlation between rate of disappearance of iodinated 
albumin, serum albumin concentration, and total cireulating albumin content 
appears to be present in the three groups of patients studied. 

Rate of disappearance of iodinated albunun: When a negligible but de- 
teetable tracer amount of tagged albumin was injected intravenously, it reached 
equilibrium with the native albumin readily available to the circulation within 
a period of ten minutes if edema was not present. If anasarea was present, 
equilibrium was reached within fifteen minutes; a larger amount of tracer al- 
bumin was used in the presence of edema and ascites to facilitate counting. Onee 
equilibrium was reached, it was maintained for at least thirty minutes indicating 
that the factor of dilution might be used as a measure of the total pool of al- 
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bumin readily available for dilution with the blood, and hence as a measure of 
the plasma volume. That the ascitie fluid is not available for free exchange 
with the circulation is indicated by the facet that equilibrium with the ascitie 
fluid is not reached for twenty-four to forty-eight hours. 

Previous studies with tagged albumin have shown the appearance of radio- 
activity in the urine of patients without albuminuria, suggesting that the 
iodinated albumin is being utilized by the body and the inorganie ion released." 
This catabolism must proceed at a relatively slow rate, since no radioactive in- 
organic iodide was detected in the serum. The significantly slower rate of dis- 
appearance of radioactivity from the serum of patients with cirrhosis and ascites 
suggests that catabolism of this fraction proceeds more slowly in these patients 
with the poorest prognosis. In these patients the rate of formation of albumin, 
as judged by the total circulating albumin content, also appears to be impaired. 

Serum albumin concentration: Our studies confirm those of others, who 
have demonstrated a decrease in serum albumin concentration in patients with 


18 


cirrhosis.!© The fact that the concentrations were lowest in the patients with 
ascites indicates that the albumin fraction is of major importance in this com- 
plication. In this study no attempt has been made to evaluate the other factors 
known to be important in the pathogenesis of ascites —the pressure within the 
portal system, the relative electrolyte concentrations, and the effeet of endocrine 
and Ivymphatie disturbances on the permeability of capillaries in the portal 
system. 

Total circulating albumin content: It would appear that greater signifi- 
eance should be attached to the total circulating albumin content than to the 
concentration of this protein fraction within the serum. No attempt was made 
to evaluate the extent of edema formation, and hence the values for cireulating 
albumin content could not be corrected for this factor. 

Our data demonstrated no significant difference in the mean plasma volumes 
of the three groups. On inspection, the absolute values would suggest that the 
volume is increased in the group of cirrhotic patients without ascites, but sta- 


TABLE II. SUMMARY OF STATISTICAL ANALYSES—COMPARISON OF THE MEANS 
IN THE THREE GROUPS 


TOTAL 
CIRCI 
PLASMA PLASMA SERUM LATING 
WEIGHT | VOLUME VOLUME |ALBUMIN | ALBUMIN DISAPPEARANCE RATE 
KG. (ML. (ML./KG.) GM. %) | (GM./KG. 24’ + 10”-15"” | 48’ + 24’ | 72’ + 48’ 
Group l compared with Group 2 
d 2.1 543 9.3 1.90 0.33 3.48 0.92 0.89 
sd oS 9 $36 5.0 0.35 0.28 3.97 3.29 2.26 
t 0.33 1.18 0.88 (0.28 0.39 
Group | compared with Group 3 
24 3.48 1.41 6.80 1.78 10.0] 
sd 6.6 295 0.31 Oks 2.87 
t 1.35 0.08 O.86 11.23" 10.85* 237 1.90 3.08* 
Group 2 compared with Group 3 
110 519 12.5 1.58 1.08 10.28 3.86 9.12 
sd 10.3 DSO 6.8 O37 Osea 5.54 4.17 2.8 
t 1.07 O.S9 1.84 4.27" L.S86 0.93 


*Statistically significant; P 
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tistieal comparison does not bear out this impression. The differences are not 
signifieant when the plasma volume is calculated in terms of milliliters per 
kilogram of body weight. The lower total albumin content in the group with 
ascites, therefore, cannot be accounted for by alterations in the plasma volume. 
It appears that the total circulating albumin content is more directly related to 
the presence of ascites and to ultimate prognosis than is the serum albumin con 
centration. 

Dynamics of Protein Ve fabolism. The protelms ot the are in a 
dynamic state.' * Studies by the carbon-14 technique, using normal dows, 
have demonstrated that the total amount of protein cireulating in the blood 
is approximately equal to that in the extravascular fluid spaces.2! Apparently 
there is a labile pool of protein on which the body can call for maintenance 
of homeostasis under various types of stress. 

A reduction in the rate of formation of protein would alter the total cir 
culating content. The amount of protein in the blood is apparently one factor 
affecting the funetion of organs and the distribution of fluids among blood, 
tissues. and organs. Of the various protein fractions, albumin is of greatest 
Importance because of its power of osmosis and because of the apparent inability 
of damaged liver cells to form this fraction in adequate amounts Judged 1y\ 
the lower rate at which the radioactively tagged albumin disappears from the 
blood of ascitic patients, the body attempts to conserve this protein when i 


is present in reduced amounts. 
SUMMARY 


Mollowine the injection of tracer doses of iodinated human serum albumin, 
the rate of disappearance trom the serum in relation to the albumin concen- 
tration and total circulating albumin content Was determined cirrhotic 
patients with and without ascites and in control subjects without liver disease. 

In patients with cirrhosis and ascites the disappearance rate of the injected 
tagged protein was significantly slower, and the total circulating albumin was 
reduced. Such patients had a uniformly poor Pro@NOSIS. 

The data demonstrate that the presence of ascites in patients with cirrhosis 


is associated with a depletion of labile albumin stores, 
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THE PATTERN OF ABNORMALITY OF LIVER FUNCTION IN 
METASTATIC CARCINOMA 


LAWRENCE J. THomas, M.D..* Wasuinetron, C.. AND 
HyMAN J. ZIMMERMAN, M.D.,** Omana, NEB. 


EDICAL literature of the past three decades has numerous references to 

attempts to demonstrate the presence of metastatic carcinoma of the liver 
by the use of liver funetion tests. While a variety of tests have been used for 
this purpose,* * ® * 1% 1% 15.16 most observers have found the measure of the 
ability of the liver to excrete foreign dves to be of the greatest value.* 1% 15 16 
The level of serum alkaline phosphatase has also been found frequently to be 
abnormal.® ? 


Other tests of liver function, including serum. bilirubin level, 
icterus index, hippurie acid exeretion, and various carbohydrate tolerance tests, 
have been observed to be less consistently changed in the presence of hepatie 
metastases.“* The flocculation tests of liver function have been found to be 
infrequently abnormal under these cireumstances.** 

In the present study, the results obtained with a small group of liver fune 
tion tests, consisting of the bromsulfalein exeretion, the thymol turbidity, and 
the cephalin-cholesterol flocculation tests, have been evaluated in patients with 
and without metastatic carcinoma of the liver. 


MATERIAL AND PROCEDURES 


Observations were made in fifty-three patients, In Table I are listed thirty-seven pa 
tients with carcinomatous metastases to the liver from various primary sites. In all of these 
cases the presence of metastases to the liver was confirmed by puneh biopsy (B) exploratory 
laparotomy (LL), or autopsy (A). In Table J] are shown the seventeen patients with ear 
cinoma in whom metastases to the liver were excluded by laparotomy (1.) or autopsy (A). 

In each patient a thymol turbidity test, cephalin-flocculation test, and bromsulfalein 
excretion test was performed in addition to the usual hospital physical and laboratory examina 
tions. 

All of these tests were done on the same morning. The thymol turbidity test was per 
formed according to the technique of MacLagen® as modified by Shank and Hoagland! for 
the spectrophotometer. A reading of 4 units was considered as the upper limits of normal. 
The cephalin-cholesterol flocculation test was carried out according to Neefe and Reinhold ’s!2 
modification of Hanger’s? original technique. Only readings of 3 plus or 4 plus at the end 
of forty-eight hours were considered positive. Mateer and associates"!1 modification of the 
bromsulfalein test was performed using the 5 mg. per kilogram dose, The degree of dye 
retention was determined spectrophotometrically at the end of 45 minutes following the 
injection of the dye. Retention of 5 per cent or more at the end of 45 minutes was regarded 


as abnormal, 
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DATA IN THIRTY-SEVEN PATIENTS WITH CARCINOMA AND METASTASES T0 LIVER 


1° SITE 
Stomach 
Stomach 
Stomach 
Stomach 
Stomach 
Stomach 
Pancreas 
Pancreas 
Pancreas 
Panereas 
Pancreas 
Colon 
Colon 
Colon 
‘olon 
Colon 
Colon 
Esophagus 
Gall bladder 
Lung 
Lung 
Lung 
Lung 
Lung 
Lung 
I 
| 
I 
| 
| 
I 


ung 


Seminoma 
Melanoma 
Melanoma 
ndetermined 
"ndetermined 
"ndetermined 


per cent bromsulfa 
thymol turbidity in 
cephalin-cholesterol 


DATA ON SEVENTEEN 


PRIMARY 
SITE 

Stomach 
Stomach 
Stomach 
Stomach 
Stomach 
Stomach 
Esophagus 
Colon 
Breast 
Lung 
Lung 
Lung 
Lung 
Undetermined 
Undetermined 
Cervix 
Synovioma 


METHOD ESTABLISHING 
METASTASES 


B 
B 
B 
B 


lein retention at forty 


units, 
flocculation. 


PATIENTS WITH CARCINOMA 


METHOD EXCLUDING 
METASTASES 


A 
A 


L, 


11% 
16% 

30% 


24% 


minutes 


BI 


NO METAS1 


THE LIVER 


BSP* T. T.f C. Fat 
A 6% 23 0 : 
B 29% 10.8 1} a, 
B 1.0 34 
B 9904 3.0 0) 
B I1% 3.1 
B 21% 14 
B; A 27% 3.1 14 
35% 5.7 { 3 
A 10% 7.8 34 Bs 
B 22% 1.9 1} a 
B 10% 2.0 (0) 
L 33% 3.2 ! ae 
1IS% 2.0 0 
A 200 2] 3 
B, A 23% 2.1 14 
B, A 8% 1.4 24 e 
B, A 21% 2.4 14 
B 22% 2.5 14 
A 37% 8.0 14 
A 12% 1.0 1} : 
B, A 26% 11 14 
A 25% 14 3 ; 
L, 26% 24 
B, A 33% 3.0 | 
30% 3.9 
B, A 16% 2.1 0 
\ 6% 14 
55% 5.5 44 
A 2.8 34 
A 3.1 4+ 
3 
| 3 2 
} 
2% 3.5 14 
L 1% 1.0 14 
R. 3% 2.4 14 
A. M. i 1.9 14 
L. H. L 10% 34 
M. M. L, 3% | 1+ 
A O% a 14 
A 2% 34 
A 2% 1.4 24 
A 10% 1.0 0 
A 12% 3.0 14 
N. L. A 1.9 14 
o% 1.7 14 
L 33 34 
W. P. A 5% 0.9 0 : 
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TasBLe TTL. Liver FUNCTIONS IN PATIENTS WITH AND WITHOUT METASTASES TO THE LIVER 


ABNORM AI 
NUMBER ABNORMAT ABNORMAT, CEPHALIN 
oO} BSP RETENTION PrHYMOL TURBIDITY FLOCCULATION 
PATIENTS NUMBER PER CENT NUMBER PER CEN NUMBER PER CEN’ 
Metastases 17 6 35.3 0 0.0 5 99.3 
absent 
Metastases 37 a7 100.0 S 21.6 15 10.5 
present 
BROMSULFALEIN THYMOL TURBIDITY CEPHALIN FLOCCULATIO 
METASTASES METASTASES METASTASES 
PRESENT X ABSENT 0 PRESENT X ABSENT 0 ‘PRESENT X ABSENT O 
60 
xX 
50 
12 
x 
x 
10 
we 
ws A 
xX x 
= 4 8 |X L ix )0 
xX 
rx 6 1X 00 
& 5 
XK 
XX 
fa X Xx |X 0 00 
0 00 
X 0 xX x xXx 
10 | x 00 XX XX 00 Gr 0000 
00 X 000 
0000 xx 00 
000 X 00 xx xx 
0 00 0 0 00 
Fig. 1.—Seattergram showing the results with tests of liver function in patient With cat 
einenia with ind without metastase 
RESULTS 


The data are shown in Tables T and I], and the results are summarized in 
Table III. All of the patients with metastatie carcinoma showed an abnorma! 
degree of bromsulfalein retention. While bromsulfalein retention was also 
noted in some patients without metastases to the liver, it was present in a much 
smaller proportion of this group. Furthermore, the degree of abnormality of 
bromsulfalein. excretion was frequently marked patients with metastases, 
ranging from 6 to 55 per cent. On the other hand, it was relatively slight in 
the patients without metastases, ranging from 0 to 14 per cent (Fig. 1). The 
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results with the cephalin flocculation and thymol turbidity tests were, how- 
ever, much less frequently abnormal in either group (Table Ill). Moreover, 
the difference between the two groups was much less striking when based on 
the flocculation tests than when the bromsulfalein results were considered. This 
pattern of disproportion between the distinet and frequently marked abnor- 
mality of bromsulfalein exeretion and the normal or mildly abnormal floccula- 
tion tests was consistently noted in the patients with metastases, while in those 
Without metastases the occasional sight abnormalities of all of the tests were 
relatively parallel in degree. 


DISCUSSION 


The impairment of the ability of the liver with metastatic carcinoma to 
excrete foreign dyes has been recognized since Greene and his co-workers evalu- 
ated the results with the phenoltetrachlorphthalein exeretion tests. While most 
workers are in agreement that abnormal results with the bromsulfalein excretion 
test are frequent in the presence of metastatic eareinoma,® the inet 
dence of abnormality found in the present study is higher than that noted by 
others. The high incidence may be due to the study of patients with more ad- 
vanced metastatic involvement of the liver than that present in the patients 
studied by Ariel and Shahon.? Thus, while the frequeney of abnormal brom- 
sulfalein retention deseribed here should not be interpreted to mean that all 
patients with metastatic carcinoma of the liver will have an abnormal brom- 
sulfalein excretion test, it does show that the incidence of abnormality with 
this test is high. It seems of more importance to emphasize the coexistence of 
normal flocculation tests with abnormal bromsulfalein excretion, or the dis- 
proportion between the degree of abnormality of the two types of tests. Al- 
though this pattern of abnormality of liver funetion when seen should suggest 
the presence of metastatic carcinoma of the liver, it is seen in other clinical 
conditions. In congestive heart failure the degree of abnormality of brom- 
sulfalein exeretion. is frequently much greater than the degree of abnormality 
of the flocculation tests, and distinetly abnormal bromsulfalein exeretion fre- 
quently coexists with normal values for the thymol turbidity and = cephalin 


Hocculation tests... Oecasionally patients with Laennee’s cirrhosis will also 


show a similar pattern. 

It has been stated*? that any reduction of hepatie blood flow decreases the 
rate of bromsulfalein removal from the blood regardless of the state of fune- 
tional activity of the hepatie cells. Extreme degrees of retention of the dye 
may be seen in severe congestive heart failure. It seems probable that the pat- 
tern of liver funetion described in metastatic carcinoma may be due to local 
circulatory impairment due to masses of metastases, which have produced rela- 
tively little change in the .hepatie cells. 

Abels and his associates! have reported that patients with eastrointestinal 
earcinoma show abnormal tests of hepatie function. This phenomenon has been 
considered to be independent of metastases? and associated with a metabolic 
effeet of the primary neoplasm.' While in the present study also, even patients 
without metastases showed abnormality of liver function, the pattern of abnor- 
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mality was distinctly different in those with and without metastases. In the 
absence of metastases, abnormality when present involved two or all three tests 
proportionately. On the other hand, in the presence of hepatie metastasis, the 
incidence and degree of bromsulfalein retention were mueh higher than that of 
the thymol turbidity or cephalin flocculation tests. Consequently, in contrast 
to the observations of Ariel and Shahon'® the incidence of abnormal brom- 
sulfalein excretion was much higher in the group with metastases than in the 


one without evident metastatic involvement of the liver. 


SUMMARY 

The status of liver function was evaluated in fifty-three patients with 
earcinomas originating in various sites. Of seventeen patients without evident 
metastases only six showed abnormal bromsulfalein retention, while of thirty- 
seven patients with metastases all showed abnormal bromsulfalein retention. 
The thymol turbidity was abnormal in about one-fourth of each group, and 
the cephalin flocculation abnormal in 30 per cent of the patients without and 
40 per cent of those with metastases. Disproportionate retention of brom- 
sulfalein with a much lesser degree of abnormality of the flocculation tests is 
frequently but not invariably characteristic of carcinoma with metastases to 
the liver. The pattern is not usually seen in patients with carcinoma which 
has not metastasized to the liver. The significance of these results is discussed. 


Attention is drawn to the oecurrence of this pattern in other elinieal situations. 
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CORTICOTROPIN THERAPY OF CHRONIC LIVER DISEASES 
CHARLES WiLuiAMs, M.D..* AND EpMUND BerRNEY FLINK, M.D. 
MINNEAPOLIS. MINN. 


HE use of corticotropin (ACTIT) and cortisone in various liver diseases has 

been explored in a small group of patients. There is an ever-increasing liter- 
ature on the use of ACTH and cortisone. Administration of these hormones to 
patients with liver diseases has been reported previously." At least transient 
benefit was obtained in many patients. However, results have been temporary 
in most instances of chronic liver disease. Even temporary benefit was lacking 
in the experience of Butt, Comfort, Power, and Mason.’ Though complete re 
covery has occurred in acute hepatitis, spontaneous healing is the usual outcome 
in most cases anyway. Sborov’ presented data which tended to show that the 
liver function tests returned to normal more rapidly in treated than in control 
subjects. 

Although many laboratory studies were carried out in the present study 
ot a group of ten patients with chronic hepatic diseases, the findines of most 
interest to us were the blood bile acid levels in patients with chronic regureita- 
tion jaundice and intractable pruritus. The pruritus decreased or disappeared 
when the bile acid level declined to or toward normal during ACTH therapy. 


MATERIALS AND METHODS 


Four patients had evidences of hepato-cellular dysfunction characteristic of Laennec’s 
cirrhosis. Four patients had cholangiolitic (primary biliary) cirrhosis, and one patient had 
biliary cirrhosis as a result of a common bile duct stricture. One patient had a chronic 
hepatic dysfunction, but a definite diagnosis of cirrhosis was not established. One patient 
with pruritus secondary to Hodgkin’s disease was also treated with ACTH. Each patient 
with the exception of one with hepatic coma was studied during a control period, during 


therapy, and after withdrawal of ACTH. Serum electrolytes, blood glucose, fractional serum 
bilirubin,? cephalin cholesterol flocculation.’ thymol turbiditv.® cholesterol and cholesterol 
I 
esters,!° total and fractional serun protems,!1-18 urine urobilinogen,!4 urine coproporphyrin,!® 
blood bile acids,16 eosinophil counts, | and 17-ketosteroid excretion’s were earried out see 
Fig. 1 and Table 1). 
CASE REPORTS 


CASE 1.—N. (No. 802292). a oo-vear-old white housewife, was first admitted March 30, 


1949. Bloating and eructations began five years previously, and jaundice and pruritus began 
one year previously. Examination showed jaundice, excoriations, and an enlarged liver and 
spleen. An operation revealed a normal biliary tract and a cirrhotie liver. T-tube drainage 
of the common bile duct relieved the pruritus as long as drainage was maintained. On Dee. 
From the Department of Medicine, University of Minnesota. 
Preliminary report presented in the Proceedings of the Central Ss ‘ietvy for Clinical Re 
search, J. LAB. & CLIN. MED. 36: 822, 1950 
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provided by Mr. C. C. Glover, Washington, D. C. 
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29, 1949, she was readmitted. The pruritus and jaundice remained unchanged. ACTH (25 
mg. every six hours) was given intramuscularly from Jan, 4 to 15, 1950. During this time 
her weight did not vary significantly. At first her appetite increased markedly. By the end 
of the treatment period she was tired and weak. Pruritus disappeared on the seventh day. 
The blood bile acids fell from 2.1 to 0O.S mg. per 100 inl. Relief from itching persisted for 
one month. Another course of ACTIL was given for seven days, The itching decreased this 


time but did not disappear. Bile acids fell frem 2.3 to 1.2 mg. per 100 ml. 


CASE 2.—Me. (No. 814210 


a 55-year-old white widow, was admitted in January, 1950, 
complaining of pruritus for four years and jaundice for two years. She had no biliary colie, 
but had some dull right upper quadrant aching pain for ten years. There had been no 


excessive use of alcohol. Peritoneoscopy with liver biopsy in 1948 established the diagnosis 


of cirrhosis. A laparotomy in 1949 revealed a normal biliary tract. T-tube drainage of the 
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therapy!” lerapy After therapy 
Time in days 
Fig. 1 Blood bile acids Normal blood specimens were examined each time a patient's 
blood was examine The mn ged from 9.85 to 1.0 mg. per 100 ml. Patient 
lL. had Hodgkin's disease an P. had Laennee’s cirrhosis. The others had 
either primary. or econdary 


common bile duet at the time lad resulte 


“din complete relief from itching until removal of 
the tube. She was moderately jaundiced and had many excoriations of the skin. The liver 
) 


extended S em, and the spleen 2 em. below the costal margins. ACTH (25 mg. twice a day for 


four days and then four times a day for eight days) was given intramuscularly from January 
31 through February 11. Blood bile acids fell from 2.7 to 2.0 mg. per 100 ml. There was 
no improvement in pruritus during therapy. 


CASE 3.—R. (No. 955372), a 39-year-old white housewife, was admitted to the hospital 
sixteen times from May, 1945, until May, 1950. She had pruritus of thirteen years’ duration. 


She had had a laparotomy and T-tube drainage of the common bile duct in 1945, and had 
continuous external biliary drainage for two years with complete relief from pruritus. She 
also had osteomalacia of the pelvis and lumbar spine and Paget’s disease of the pelvis and 


in May, 1950, revealed diffuse dark-brown pigmentation, multiple ex- 


femur. Examination 
coriations of the skin, enlarged hard liver, and a firm spleen. ACTH (20 mg. every six hours) 
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was given intramuscularly for eight days. Her weight increased 4 kilograms. The pruritus 
was alleviated somewhat. During the last two days sine complained of severe weakness. 


Blood bile acids fell from 3.1 mg. to 2.0 mg. per 100 milliliters. 


CASE 4.—K. (No. 782790), a 70-year-old white housewife, had a cholecystectomy in 
1946 and developed a common duct stricture. This stricture was repaired in 1947, but 
jaundice persisted. In July, 1950, she was hospitalized because of anorexia, nausea, and 
hematemesis. She had episodes of chills and fever, and moderately severe pruritus. She 
was icteric and thin. Her temperature was as high as 100° F. The liver and spleen were 
enlarged and firm. There was evidence of collateral venous circulation on the abdomen. 
Jaundice decreased somewhat during the control period. ACTH (20 mg. every six hours) 
was given intramuscularly for eight days. The pruritus disappeared on the fifth day of 
therapy, and did not return during the rest of the hospital stay. Blood bile acids decreased 


from 3.2 to 1.6 mg, per 100 ml. in eight days. 


CASE 5.—G, (No. 816946), a 55-year-old white housewife, was admitted to the hospital 
in January, 1951. She was well until five years ago when she began to have pruritus. She 
became jaundiced and noted gnawing pain in the right upper quadrant of the abdomen, and 
had dark urine and light stools. An exploratory laparotomy was performed shortly after 
onset of jaundice, and the common bile duct and gall bladder were normal, but the liver 
was cirrhotic. Pruritus disappeared completely during a three-month period of T-tube 
drainage of the common bile duct, but it reeurred soon after removal of the tube. Examination 
revealed mild jaundice, increased pigmentation of the skin, and many excoriations of the 
skin. The liver and spleen were easily palpated and were firm. She received ACTH (20 mg. 
every six hours) intramuscularly for twelve days. Pruritus decreased but did not disappear 
entirely. Blood bile acids decreased from 3.6 to 2.2 mg. per 100 ml. The fourth day after 
stopping ACTIL she had a massive hemorrhage from esophageal varices (which were demon- 
strated later by x-ray) and required a number of transfusions. Her pruritus did not return 


for six weeks, but then rapidly increased to previous intensity. 


CAsE 6.—J. B. (No. 817919), a 60-year-old white farmer, was admitted to the hospital 
on April 21, 1950. He had noted an increasing girth and a 20-pound weight gain for six 
months, increasing pyrosis for three months, and jaundice and dark urine for two weeks. 
He had consumed one to eight bottles of beer daily for twenty years. Examination revealed 
jaundice, moderate obesity, marked fetor hepatis, ascites, and a firm, nontender liver extend- 
ing 5 em. blow the costal border. He was fed a low sodium diet. ACTH (20 mg. every six 
hours) was given intramuscularly for six days. Some confusion developed after three days. 
An original slight oliguria was followed by a diuresis on the third day. Following ACTH 
therapy ascites and edema increased, Gastrointestinal bleeding followed, and the patient 
expired on May 29, 1950. Autopsy revealed cirrhosis of the liver, pleural effusion and 
ascites, esophageal varices, massive hemorrhage from varices, infaretion and fat necrosis of 


the tail of the pancreas, 


CASE 7.—A. K. (No. 772877), a 53-year-old white laborer, was admitted to the hospital 
on Nov. 11, 1949, complaining of weakness and diarrhea for nine months. He had a subtotal 
gastrectomy for a benign gastric uleer in 1946, and was found to have induration of the 
pancreas. Physical examination showed a chronically ill icteric male with a few spider nevi 
over the shoulders and chest. A firm nontender liver could be palpated 4 em. below the costal 
border. The spleen was not palpable. A needle biopsy of the liver showed cirrhosis of the 
liver with very little fatty infiltration, ACTH (25 mg. every six hours) was given intra- 
muscularly from Nov. 29 through Dee. 4, 1949. ACTH was stopped because of the develop- 
ment of confusion, delirium and semi-coma on the sixth day. The patient regained mental 


poise three days after stopping ACTH. Four months following discharge the patient had 


gained about 30 pounds of weight and was feeling quite well. 
Case 8.—L. K., a 45-year-old white housewife, was admitted to the hospital on April 
14, 1950. She had gradually inereasing ascites for two years. Paracentesis was followed 


by oliguria, jaundice, and rapid accumulation of ascites. She had taken alcohol in excess 


; 


892 WILLIAMS AND FLINK 


for twenty years. She had fetor hepatis, ascites, hypertension, and an uleer on the left leg. 
She lapsed into coma. ACTH (20 mg, every six hours) was started on May 5 and continued 
until the patient expired on May 10. The clinical status was unaffected. During the first 
three days her temperature did fall from 102° F. to normal, but fever recurred. Autopsy 
revealed cirrhosis, ascites, splenomegaly, left ventricular cardiac hypertrophy, pulmonary 
congestion, and hydrothorax. 


CASE 9.—M. P. (No. 780400), a 36-year-old white housewife, was admitted to the 
hospital on July 6, 1947. She had noted weakness for four years, swelling of the abdomen 
for seven months, and diarrhea for three weeks. She denied any episode of jaundice, biliary 
colic, or of excessive use of alcohol. She had ascites, splenomegaly, and multiple cutaneous 
spider nevi. Biopsy proved the presence of cirrhosis of the liver. She was readmitted to the 
hospital on Feb. 1, 1950. Ascites had disappeared, but she had persistent anemia and 
neutropenia. ACTH (20 mg. every six hours) was given intramuscularly for twelve days 
starting March 8. The sodium eontent of the diet was restricted severely, but she gained 4 
kilograms, and ascites reappeared. There was slight euphoria, but on the eighth day she 
developed anorexia and weakness which continued until three days after cessation of therapy. 
Blood platelets rose from 85,000 to 302,000 and the leukocytes from 1,300 to 8,500. Im 
mediately after discharge from the hospital (within a week of stopping ACTH) she had her 
first hematemesis. Ascites and fetor hepatis which developed during ACTH therapy persisted. 


The platelets were 158,000 and leukoeytes 3,750 one month later. 


CASE 10.—M. S, (No. 817941), a 32-vear-old white housewife, was admitted to the 
hospital April 22, 1950. She had albuminuria since pregnancy sixteen montlis previously. 
She had intermittent eezema, easy bruising, and food allergies for years. In 1946 a positive 
Wassermann reaction was noted. In 1949 a prolonged prothrombin time and a 4 plus 
cephalin flocculation test was found. Her blood pressure was 120/76, There was an eczematous 
rash over the cheeks, nose, and forehead, and there were many bruises and eechymotie areas 
on the lower extremities. The urine had a maximal specific gravity of 1,024 and contained 


| 
Gm. of protein per liter, oecasional red cells, white cells, and casts. Hemoglobin, leukocytes, 
platelets, and reticulocytes were normal. The prothrombin time was 31 seconds eontrol 14 
seconds ) by the one stage Quick method, and the Lee-White clotting time was | hour and 41 
minutes, but the bleeding time was normal. ACTH (20 mg. intramuscularly every six hours) 


was given for eight days. She was irritable throughout this treatment. but had 


no other 
mental changes. On a general diet she gained 3.5 kilograms. She felt weak and tired on the 


davs following ACTH therapy, but soon returned to hei previous status. Actually, no significant 


changes occurred in her status ¢linically o1 by laboratory tests. 
Case 11.—H. L. (No, 806174), a 42-year-old white man, had a six-vear history of 
Hodgkin’s disease. He had anemia and severe pruritus. He was emaciated. ACTH 


(ZU mg. 
given intramuscularly every six hours) for ten days did not influence the pruritus or the 


course of lis primary disease. 
DISCUSSION 

Ten patients with chronic hepatie disease and one patient with Hodekin’s 
disease and pruritus were treated with ACTH for periods varvine from six to 
twelve days. Four of these patients had cholangiolitie primary biliary eir- 
rhosis (N., Me., R., G.), and one patient (K.) had a stricture of the common 
bile duet and secondary biliary cirrhosis. These five patients had troublesome 
pruritus of many months or vears duration. The other patients had either 
Laennee’s cirrhosis or chronie hepatitis. 

The blood bile acid concentrations were clevated in five patients to two to 
three times the upper limit of normal value (1.0 me. per 100 ml.). In one 
patient (N.) the bile acid level fell to normal after twelve davs of ACTH from 
2.1 mg. per 100 ml. to 0.8 mg. per 100 ml. One month after cessation of therapy 
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the pruritus returned to its previous severity and the bile acid concentration 
rose to 2.8 mg. per 100 ml. A second course of ACTH therapy for seven days 
caused a drop in bile acids to 1.2 me. per 100 ml. and nearly complete alleviation 
of the pruritus. Patient Me. experienced only a slight diminution in pruritus. 
She had a fall in bile acid level from 2.7 mg. per 100 ml. to 2.0 mg. per 100 ml. 
in twelve days. Patient R. had only mild pruritus initially, and it decreased 
slightly during therapy. The bile acid level decreased from 3.1 mg. per 100 
ml. to 2.0 mg. per 100 ml. in eight days. She had had severe pruritus for many 
years, but it had gradually diminished. Patient K. experienced complete cessa- 
tion of pruritus, and the bile acid concentration decreased from 3.4 mg. per 100 
ml. to 1.6 mg. per 100 ml. Patient G. noted nearly complete relief from pruritus, 
and the bile acids decreased from 3.6 to 2.1 mg. per 100 ml. The pruritus was 
relieved for six weeks, but then returned. 

The patients with cirrhosis without pruritus were not benefited in any way 
by ACTH. One patient with thromboeytopenia, M. P., had normal platelets 
during therapy, but thromboeyvtopenia returned after cessation of ACTH ther- 
apy. There was no significant change in liver function tests. In seven of eight 
patients tested there was a decrease in gamma globulin concentration of the 
serum, and the average decrease was 0.4 Gm. per 100 ml. serum (from 1.55 
(im. per 100 ml. to 1.15 Gm, per 100 ml.). The average of total globulin de- 
creased a corresponding amount from 4.1 Gm. to 3.74 Gm. per 100 ml. 

There was no change in thymol turbidity measurements nor in the cephalin 
cholesterol flocculation tests. The zine turbidity deereased during therapy in 
every instance where it Was measured and paralleled the decrease in gamma 
globulin concentration. The serum bilirubin values decreased in some patients 
during and after therapy, but in others the serum bilirubin inereased slightly. 
Feeal and urine urobilinogen and urine coproporphyrin determinations were 
carried out on six patients before, during, and after therapy. There was no 
consistent change. 

There was a twofold to fivefold increase in 17-ketosteroid exeretion in all 
but one patient, and in this patient there was a sixfold increase in the corticos- 
teroid output (17-ketosteroid excretion was not measured in two patient). In 
all patients there was a striking decrease in circulating eosinophils during ACTH 
administration. This indicates that the adrenal cortices were stimulated during 
administration of ACTH. 

Untoward effects were common. Two patients developed ascites and hemat- 
emesis, but recovered. One patient died of massive hemorrhage twenty-five days 
after cessation of therapy. It is difficult to be certain of a causal relation in this 
patient, but ascites increased, and progressive decline in health began during 
therapy. Several other patients complained of epigastrie distress during ther- 
apy. Two patients noticed insomnia, and one patient became psychotic on the 
sixth day. Six of the patients were very tired starting about the seventh day 
of therapy. 

One patient was comatose and moribund at the onset of therapy with ACTH. 
She became afebrile for a few days and lived for six days, but it is doubtful 
that ACTH changed the course in any way. 
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It is possible that the bile acids were used in the synthesis of adrenal corti- 
egids. There was only a minor fall in bilirubin levels during therapy, so it is 
unlikely that the lowering of bile acid levels could be related to lessening of the 
regurgitation of bile. 

SUMMARY AND CONCLUSIONS 


Ten patients with chronie liver disease have been treated for short periods 
with ACTH. It is doubtful that any patient benefited significantly by this 
therapy. 

Four patients developed serious complications. In one patient ascites in- 
creased during therapy, and the patient died of hemorrhage from esophageal 
varices twenty-five days later. Two other patients developed serious but non- 
fatal hemorrhage within the first week of withdrawal of therapy. One patient 
developed transient psychosis. 

Four of five patients with elevated blood bile acid levels and pruritus noted 
partial or complete relief from pruritus. A significant lowering of blood bile 
acids occurred in these patients. The relief was temporary in each instance. 

There was a significant decrease in serum globulins and especially gamma 


globulin in most of the patients. 


The authors wish to acknowledge the guidance and criticism of Dr. C. J. Watson during 
the study. They also wish to acknowledge the help of Mrs. Violet Hawkinson Swenson in 


earrying out the bile acid determinations. 
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THE EFFECTS OF CORTISONE ON THE CUTANEOUS HISTAMINE 
RESPONSE OF RABBITS USING EVANS BLUE DYE 
AS AN INDICATOR 
JAMES W. M.D., Roperr H. Epertr, M.D., And 
R. Barciay, M.D. 
Cnicaco, Inn. 


DRENALECTOMY produces a marked decrease in resistance to systemic 
histamine intoxication in experimental animals, and administration of 
adrenal steroids partially restores resistance.’ Studies of the effects of adrenal 
cortical activity on cutaneous histamine response have produced negative results, 
however. Adrenalectomy does not alter the cutaneous trypan blue staining 
response in rats,? and cortisone and ACTH administration to patients have 
failed to modify the eutaneous histamine wheal.’ 

Adrenal cortical inhibition of a number of tissue responses has been ob- 
served. Cortisone and ACTH suppress the inflammatory response in acute 
infections, chemical irritation, wound healing, the Shwartzman phenomenon, 
and serum sickness.*° In the latter, mieroscopie observation of living tissue 
reveals that cortisone maintains normal vascular tone and reduces endothelial 
damage. Using intravenous administration of a colloidal dye to indieate 
changes in capillary permeability, adrenal steroids and ‘or ACTIL have been 
observed to inhibit permeability increases due to exudate fluid and leukotaxine,’ 
peptone,*® hyaluronidase,® and earbon are irradiation.’ 

In view of the possible role of histamine in mediating the above tissue 
responses, and the beneficial clinical response of hypersensitive states to corti- 
sone and ACTH, the effeets of cortisone on histamine response have been in- 
vestigated further using Evans Blue dye as an indicator. 


METHOD 


The response to intradermal injections of histamine was tested forty-four times in a 
total of thirty animals. Treated animals received 10 mg. cortisone* daily for varying periods 
prior to testing, and in each experiment a number of normal animals served as untreated 
controls. The dosage schedules are given in Tables I to IV. The usual schedule was 10 meg. 
of cortisone daily for four days prior to testing. In Experiment 1B the treated and control 
groups of Experiment 14 were reversed two weeks after the initial testing. For this second 
part of Experiment 1 animals treated in the first part became the untreated controls, and 
the untreated animals in the first part were treated for four days prior to testing the second 
time. 

Fresh solutions of histamine phosphate in normal saline were prepared in concentrations 
of 1.0, 0.1, and 0.01 mg. of free base per milliliter. In Experiments 1] and 2 concentrations 
of 0.001 and 0.0001 mg. per milliliter were also used, but it was learned that they were not 
useful for the purposes of the experiment. For a contro] solution either normal saline was 


used, or normal saline to which monobasic sodium phosphate was added to give a phosphate 
From the Department of Medicine, University of Chicago. 
This work was sponsored by a grant from the United States Public Health Service. 
Received for publication, Feb. 1, 1952. 
*Merck—Cortone Acetate; saline suspension. 
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TABLE I, STAINING RESPONSES OF UNTREATED AND CORTISONE-TREATED RABBITS TO 
INTRADERMAL HISTAMINE* 10 MG. CORTISONE DAILY FOR Four DAYS 


UNTREATED CORTISONE TREATED 
EXPERIMENT CONTROL, HISTAMINE, MG./ML. CONTROL HISTAMINE, MG./ML. 
& ANIMAL SALINE 1.0 0.1 O71 SALINE 1. 0.1 01 
Experiment 14 
6 () 
12 (0) 
() () 0 0 
2-b 0) 0 () 0 
-b 0 0 0 0 


Experiment 1B 


1h a 
0 
3-b () 
0) 0 () 0 
() ( 0 0 
Experiment 2 

} () 

7 
140 
127 0 0. 
128 () () () () 
136 0 () () 0 

Experiment 

19 () 

() 

| () 

14 ( 

15 () 0 


concentration equivalent to that of the strongest concentration of histamine. In one experi 
| 


ment pH measurement gave values ranging from 5.5 for the most dilute to 4.8 for the most 


concentrated histamine solutions, with pH 4.6 for the phosphate control solution. 
Testing of staining responses was done on the day following the last injection of 


cortisone except in Experiment 5 (Table I11). Using a No. 26 needle, intradermal injections 


of 0.2 ml. of each of the histamine solutions and a control solution were made in the animal’s : 


abdomen, which had been shaved several days before. Immediately after completion of the 
intradermal injections, Evans Blue dye was rapidly administered in the ear vein. In Experi 
ment 2 the dye was given five minutes before the intradermal injections. The staining ap 


peared to be more vigorous when the intradermal injections were given first. 


In the first three experiments fresh solutions of Evans Blue dye in normal saline were 
prepared from the crystalline dye, Ten milliliters containing 8 mg. of dye were administered. 
In subsequent experiments 1.6 ml. of a commercial dye preparation® containing 5 mg. Evans 
Blue per milliliter of water was injected. After one batch of this preparation had been kept 
at room temperature approximately three months, it gave poor staining to complete lack of 
staining in untreated control animals. A fresh batch of dye has given good staining in 
control animals for six weeks. The new batch was found to diffuse more rapidly in gelatin 


than the old. It is probable that in this one instance, at least, the colloidal properties of the 


dye changed over a three-month period. Fresh dye was used in the experiments reported 


here, and good staining was obtained in all control animals. 


*Warnel Iexperimental preparation, T-1824, Evans Blue dye. 
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RESULTS 

At injection sites of the highest coneentration of histamine blue halos 
developed in untreated animals given Evans Blue. The halos appeared within 
a few minutes at the margins of the injection blebs, and grew peripherally, 
reaching full development within thirty minutes. Within the halos the blebs 
showed early pallor, which was later replaced by staining. At sites of injection 
of the lowest concentration of histamine no halos appeared, but central staining 
of the blebs appeared early, within a few minutes. The intermediate concen- 
tration of histamine produced an intermediate type of response which often 
showed both a halo and early central staining. The halo was smaller than that 
produced by the highest concentration of histamine, and the central staining 
was often not as early or as intense as that produced by the lowest concen- 
tration. No true whealing was observed. Control solutions produced staining 
at stickpoints only. The responses were graded according to size and intensity 
of staining, the grades ranging between one plus for a light central stain to 
four plus for a dark halo measuring approximately 2 centimeters. 

As shown in Table I (Experiments 1 to 3) all untreated animals responded 
with good staining. On the other hand, 75 per cent of the cortisone-treated 
animals in these experiments stained not at all, and the remainder stained 
poorly. That the difference in response was independent of individual differ- 
ences in animal responsiveness was shown conclusively in Experiment 1. Tested 

TABLE IT, EXPERIMENT 4. STAINING RESPONSES OF UNTREATED AND CORTISONE-TREATED 


RABBITS TO INTRADERMAL HISTAMINE 10 MG, CORTISONE DAILY 
FOR ONE- AND Two-Day PERIODS 


CONTROL HISTAMINE, MG./ML. 
TREATMENT ANIMAL SALINE 1.0 0] .01 
Untreated 37 0) 
OS 0 
Cortisone, 32 0) 
1 Day 33 () () 1 0 
Cortisone, ol 0 0 (0) 
2 Days 35 0) () 0 
50 0 0 


*Degree of response graded according to size and intensity of staining. 


“ABLE IIT. EXPERIMENT 5. STAINING RESPONSES OF UNTREATED AND CORTISONE-TREATED 
RABBITS TO INTRADERMAL HISTAMINE.* TESTED FortTy-FIVE Hours AFTER 
LAST OF THREE DAILY INJECTIONS OF 10 MG. CORTISONE 


CONTROL HISTAMINE, MG./ML. 
TREATMENT ANIMAL SALINE | 0 0.1 01 
Untreated 3 0 

l4 0 + + + 

Cortisone { 0 
6 0 0) 

7 if) 0 0 0 

136 0 0 0 0 


*Degree of response graded according to size and intensity of staining. 
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with and without treatment, each animal served as its own control. Consistent 
marked inhibition of staining was observed when cortisone was given. Figs. 1 
and 2 show typical responses of an untreated and a treated animal. 

In Experiment 4 (Table II) cortisone was administered for only one- and 
two-day periods. One day’s administration produced partial inhibition of 
staining. After two days’ administration almost complete inhibition of staining 
occurred, a result equivalent to that obtained with the four-day treatment. 


Fig. 2 
Figs. 1 and 2.—-Typical staining responses, twenty minutes after Evans Blue dye, of an 
untreated control animal (Fig. 1), and an animal which has received 10 mg. cortisone daily 
for four days (Fig. 2) Sites of intradermal injections are indicated by arrows. Control 


saline is at A; histamine, 1.0, 0.1, and 0.01 mg. per milliliter are at B, C, and D, respectively. 
The untreated animal shows good staining at sites of histamine injection. In contrast, the 
the cortisone-treated animal shows no staining. 


In Experiment 5 (Table II1) 10 mg. cortisone daily were administered for 
three days, and the animals were tested approximately forty-five hours after the 
last injection of cortisone. One animal stained as well as the control animals, 
but the remaining three showed marked inhibition of staining equivalent to 
that obtained when testing was done twenty-four hours after the last injection 


of cortisone. 


; 
3 
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TABLE IV. EXPERIMENT 6. DYE TRANSFER FROM AN UNTKEATED AND A CORTISONE-TREATED 
ANIMAL (10 MG. CORTISONE DAILY For 4 Days). DoNor ANIMALS GIVEN TEN TIMES THE 
USUAL DOSE OF DYE. STAINING RESPONSES OF DONOR AND RECIPIENT ANIMALS 


CONTROI HISTAMINE, MG./ML. 


ANIMAL TREATMENT SALINE 1.0 0.1 0] 
Donors 
4 Untreated 0) 
136 Cortisone () 0) 
Recipients 
1-x (plasma Untreated () 


from donor 4 


4-x (plasma Untreated 0) 
from donor 136) 


*Degree of response graded according to size and intensity of staining 


Because cortisone administration to rabbits produces electrolyte changes, 
hyperlipemia and hyperglycemia," the possibility existed that in treated ani 
mals the dye, held in circulation by altered plasma, was unavailable for capillary 
diffusion. To test this hypothesis, in Experiment 6 (Table IV) first an un 
treated animal was given 80 me. of dye. The animal was bled, obtaining 30 ml. 
of deeply stained plasma ealeulated to contain a quantity of dye roughly equal 
to that used in previous experiments. This plasma was administered to an 
untreated animal on which intradermal histamine injections had been made. 
The result was good staining at injection sites, demonstrating successful dye 
transfer. 

The above procedure was repeated, giving the large dose of dye to an 
animal treated with 10 mg. cortisone daily for four days. Thirty milliliters of 
plasma containing dye was administered to an untreated animal on which 
histamine injections had been made. The result was good staining, if anythine 
somewhat better than that obtained when the untreated animal was used as 
a donor of dyve-containing plasma. 

In connection with this experiment the histamine response of the donor 
animals, which received ten times the dose of dve used in previous experiments, 
was also tested. The untreated animal showed intense staining, but the cortisone 
treated animal showed only a very light halo at the highest concentration of 
histamine. Marked inhibition of staining occurred even with sueh a large 
dose of the dye. 


DISCUSSION 


The results demonstrate that cortisone administration to rabbits almost 
completely inhibits the deposition of Evans Blue dye at sites of histamine in- 
jection. The staining observed in an untreated animal which has reeeived dye 
in the plasma of a cortisone-treated animal is evidence the effect is not due to 
plasma changes. The marked inhibition of staining occurring even when ten 
times the usual dose of dve was employed is further evidence against retention 
ot dye by plasma. There appears to be an effect on the local vascular response, 
presumably due to inhibition of the permeability increase normally induced by 
histamine. 


| 
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SUMMARY AND CONCLUSIONS 


Cortisone administration to rabbits produces marked inhibition of the 
cutaneous histamine response, as measured by diffusion of Evans Blue dye. 

Evidence is presented that this effect is due to action affecting capillary 
permeability rather than to retention of dve by altered serum. 
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EFFECTS AND CLINICAL SIGNIFICANCE OF BACTERIAL 
CONTAMINANTS IN TRANSFUSED BLOOD 
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AND OTto Top MALLERY, JR., M.D. 
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ape bacteria generally considered to possess little or no pathogenicity 
may sometimes cause great harm, A striking example is the disturbance 
seen in recipients of blood containing large numbers of bacterial contaminants. 
Borden and Hall’ have recently described in detail two fatal reactions resulting 
from the transfusion of blood containing massive numbers of bacteria. They 
reviewed in their report eight additional reactions of this type including those 
contained in a personal communication from Whitby, who told of one nonfatal 
and six fatal accidents. Involved in all ten reactions were gram-negative baeilli 
identified as Escherichia coli, Pseudomonas aeruginosa, Acrobacter aerogenes, 
Achromobacter, and Paracolobactrum aerogenoides. A gram-positive organism 
was isolated only once. The chief clinical characteristic in the ten reactions 
was peripheral vascular collapse. 

The fatal cases represent the ultimate effeets of bacterial contamination 
of transfused blood. Their occurrence, though rare, indicates that less pro- 
found clinical disturbances have also resulted, but there are no reports which 
disclose whether less serious transfusion reactions have been caused by gross 
bacterial contamination. The entrance of bacteria into some bottles of stored 
blood appears to be inevitable. These facts have led us to study the problem 
in an attempt to define not only the actual and potential clinieal problem but 
also the basic mechanisms which govern the harmful effects of bacterial eon- 
taminants in banked blood. 


METHODS 


Techniques Used to Obtain Blood From Donors in Blood Rank at University of Mich 
igan.—Two types of bottles were used, both of which were manufactured by the Abbott 
Laboratories. One of these contained a vacuum and both were supplied with 120 ml. of 
standard ACD solution composed of 1.32 Gm. sodium citrate, 0.48 Gm. citrie acid, and 
1.47 Gm. dextrose per milliliter. The donor’s skin was anesthetized with 1.5 per cent 
procaine solution and was cleansed with 70 per cent alcohol before treatment with tineture 
of iodine. Disposable plastic tubing was connected to bottles of both tvpes by a needle, 
The citrate was flushed through the tubing attached to the bottle without vacuum and 
through the vein needle before injecting into the vein. After the venipuncture, the cap of the 
bottle without the vacuum was also punctured with an autoclaved 15-gauge needle which 
served as an air vent. When the donation of blood was completed, the needle serving as the 
air vent was removed. Then the bottle was disconnected from the tubing before removal of 
the needle from the vein. ; 

Demonstration of Bacteria in Banked Blood.—Cultures were made from blood which 
had been drawn twenty-four hours previously and stored at 4° C. Smears of these bloods 
were stained by Gram’s method and examined microscopically. A total of 1,697 consecutive 
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bottles of blood were examined by removing 3.0 ml. of blood under the strictest aseptic 
conditions. Two milliliters of blood were inoculated into thioglycollate broth, and 1.0 ml. 
poured into 9.0 ml. of melted agar. After incubation at 37° C. for twenty-four hours, the 
broth was examined for bacterial growth, the poured plates for total number of bacterial 
colonies, and the organisms were identified. Of the 1,697 bloods cultured, 1,192 were col- 
lected by the ‘‘gravity’’ method and 505 by the ‘‘vacuum’’ method. In addition, blood 


was obtained for culture from 200 bottles while the transfusions were in progress. 


CLINICAL STUDIES 
An attempt was made to record temperature, pulse, blood pressure, and general con 


dition of the recipients at frequent intervals both during and after the transfusion. Unless 


otherwise stated under ‘* Results’’, it was felt that the clinical effects of a transfusion were 
properly observed. If reactions occurred, the transfused blood was again examined for 
bacterial contamination, compatibility of type, and hemolysis. The level of hemoglobin in 
the plasma was determined by the method of Flink and Watson.é 

Search for Source of Contamination.—All needles used in the gravity procedure were 
eultured by dropping them into a tube of thioglycollate broth and incubating at 37° C. for 
five days. Growth was checked at the end of that time by subculturing on blood agar if 
no visible growth had developed in the broth. ACD solution was removed from the bottle 
with an autoclaved syringe and needle and cultured by injecting 2 to 3 ml. into thioglycol- 
late broth. The tubing was cultured by flushing it through with ACD solution from the 
bottle and then adding the ACD solution to the broth as deseribed. Cotton swabs used for 
applying tincture of iodine, gauze pads soaked in seventy per cent alcohol, and a few drops 
of procaine solution were each dropped into thioglycollate broth. For culturing air in the 


donor-room, 50 ml. of air were sucked into a sterilized syringe and then bubbled directly 


into the broth. 

Bactericidal Tests of Banked Blood.—A standard bactericidal test was performed by 
inoculating 0.8 ml. of a saline suspension of bacteria into 4.0 ml. of citrated banked blood. 
The bottles from which the blood was removed had been refrigerated at 4° C. for twenty- 
four hours after drawing. The object was to obtain a final density of 200 bacteria or 
less per milliliter of blood, as this number was in the range of concentration of bacteria 
generally observed in blood found to be contaminated. Suspensions in saline were made 
having an initial density approximately equal to the MeFarland nephelometric reading 
of barium sulfate No. 1. This was done by adding 0.2 to 0.6 ml. of a culture, grown for 
twenty-four hours in tryptose-phosphate broth, to 12 to 15 ml. of normal saline solution. 
Dilution to 10-11 usually provided the desired concentration after addition to the blood, 
but with some organisms, especially certain strains of A. aerogenes, higher dilutions were 
necessary. Procedures which involved the suspension of bacteria in saline were completed 
in a few minutes because it was found that for certain bacteria, especially EF. coli, saline 
became bactericidal after several hours.7 The bacterial populations of the inoculated blood 
were determined after incubation at room temperature by removing 0.5 ml. of blood at 
various intervals up to twenty-four hours and by making poured plates in melted agar. 
The colonies were counted after twenty-four hours’ incubation of the plate at 37° C. Detailed 
bactericidal or growth curves were plotted by counting colonies at intervals of 0, 4, 1, 
2, 4, 8, and 24 hours. For testing large numbers of bacteria and bloods, less detailed 
studies were based on determinations made at 0, 6, and 24 hours. These experiments 
were controlled by inoculating the organisms into broth instead of blood and plotting 
the growth. The bactericidal actions of 162 bloods and the survival of 93 strains of 
bacteria were studied. In addition, a prozone was sought in the bactericidal test by 
comparing simultaneously the action of blood against four serial dilutions of a saline 
suspension made from each of fourteen strains of staphylococci. Each strain so tested 
was exposed to samples of blood from two different donors, 

The activity of complement (C’) in the bactericidal or suppressive power of banked 
blood against contaminating bacteria was determined by performing the standard bac- 
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tericidal test using citrated plasmas inactivated by heat and NH,OH. Five strains of 


coagulase negative staphylococci were tested against three plasmas, three strains of Fk. 


rainst one plasma, and one strain of FE. coli (‘KK 


(**7,?. **3°", **100"") against 


seven additional plasmas. Each of these plasmas had been heated to 56° C. for twenty 
minutes and their effectiveness compared to the same plasmas unheated. An attempt was 
made to restore bactericidal activity to the six heated plasmas tested against coli 
by the addition to each plasma of 0.1 ml. restored undiluted guinea pig serum (Lyo-com 


plement, Sharp and Dohme containing marked excess of activity as determined i 


hemolytic 
systems in this laboratory. The three strains of E. coli ‘‘1.’’, ‘*3’’, and °° 100°? were each 
exposed in the bactericidal test to 4.0 ml. of plasma which had been previously incubated 
with 1.0 ml. 0.15 NH,OH and then diluted with 16 ml. of saline. The bactericidal test using 
plasma treated with NH,OH to destroy C’4 was controlled by simultaneous tests using un 
treated plasma, plasma heated to 56° C. for twenty minutes, and plasma diluted from 4 ml. 
to 22 ml. with saline. 

Survival and Growth of Bacteria in Refrige ated Blood Including Studies on Duration 
of Bactericidal Power.—Samples of blood were moculated with a bacterial suspension of 
each of eight strains of F. coli, four strains of enterococeus, and six strains of A. aerogenes. 
The inoculations were made as in the bactericidal test except that larger amounts of blood 
were used to permit repeated tests of the bacterial population during retrigeration, After 


removal of 1.5 ml. of blood for standard hactericidal tests, the remainder of the inoculated 


} 


blood was refrigerated at 4° C. At intervals of three to six days, 0.5 ml. of blood was 


removed and the bacterial population measured over a period of thirty-six days of refrigera 


tion. In the case of A. aerogenes and the enterococci, determination was also made after 


seventy-one days of refrigeration. 

To determine the duration of bactericidal on suppressive powel of refrigerated blood, 
each of 26 samples of blood was inoculated with suspensions contaiming om of two strains 
designated in this laboratory as FP. coli K and E. coli L. In these experiments 4.0 n l. of 
the bacterial suspensions were added to 20.0 ml. of hanked blood. The bactericidal power 
was determined with 1.5 ml. of blood before refrigeration, and then repeated at weekly 
intervals. Standard bactericidal tests were also performed with seven uninoculated refriger 
ated bloods by removing 4.0 ml. at weekly intervals and inoculating them with 0.8 ml. 


suspensions of seven strains of EF. coli known to be killed by their respective bloods a 


t roon 
temperature. 

Study in Vitro of Bacterial Growth in Blood. Tests were made Tor hemolysis, change 
in blood type, and increase in erythrocyte fragility afte: inoculating 1.0 ml. of recently 
drawn banked blood with 0.1 ml. of a bacterial culture grown tor twenty four hours in 
tryptose-phosphate broth. Bloods were not exan ined if they were clotted or if heavy bac 
terial growth was not present. Uninoculated bloods were used as controls in every deter 
mination. Hemolysis was estimated after forty-eight to one hundred twenty hours according 
to the method of Flink and Watson® for measuring levels of hemoglobin in the plasma. 
Tests for fragility of erythrocytes were made by the method of Sanford’ only if hemolysis 
had not oeeurred and only in blood manifesting heavy bacterial growth during a period ot 
twenty-four to seventy-two hours after inoculation. Fragility was considered increased 1f 
the tonicity of salt solution was greater than that of the control by at least 0.4 per cent 
in the tubes containing complete and those containing beginning hemolysis. Erythrocytes 
were typed by slide agglutination before inoculation and after thirty-six to one hundred 
fourty-four hours’ exposure to bacterial growth of seventy-three strains in 113 blood sam 
ples. Typing sera were obtained from the American Hospital Supply Corporation and had 
been checked for potency. One drop of whole blood and one drop of A or B serum were 
mixed on a glass slide and then agitated for two minutes at 40° CC, After observation for 
macroscopic agglutination the suspension of erythrocytes was mixed with a drop of saline and 


then examined under the microscope to avoid confusion by pseudoagglutination, Contaminated 


cells and plasmas were erossmatched against uncontaminated homologous cells or plasmas, The 


following bacteria were tested for their effect on type, and the number of strains used is 


4 
> 
ing 
: 
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given in parentheses: Alkaligenes fecalis (2), staphylococcus (18), A. cloacae (2), E. coli 
(7), Ps. aeruginosa (13), enterococeus (11), A. aerogenes (12), B. subtilis (1), Paracolon 
species (1), E. freundii (3), diphtheroids (2), sad A. pneumoniae (1). 

Transfusing Contaminated Blood in Animals.—White male rabbits weighing about 2 
kilograms were divided into eight groups, each containing three rabbits, except for one 
group which eontained two rabbits. In each group of rabbits one was transfused with 
homologous blood heavily inoculated with bacteria at the time of the transfusion, a 
second with homologous blood which had supported growth of the same bacteria for 
eighteen hours, and a third with a saline suspension of that strain of bacteria. Each of 
three strains of staphylococcus (coagulase negative), four strains of A. aerogenes, and 
two strains of diphtheroids was administered to three rabbits in the manner deseribed. 
This experimental arrangement was designed to distinguish the effects of transfused 
bacterial contaminants in rabbits due to bacteria alone, from those due to bacteria plus 
fresh blood, and those due to the products of bacterial growth in blood. 

Rabbits were conditioned for the study by measuring rectal temperatures repeatedly 
during the week preceding transfusion. They were selected for transfusion only if the 
rectal temperature did not fluctuate more than 0.6° F. during the ninety minutes im- 
mediately preceding the test and if, during the week of observation, they had lost no 
weight, and the rectal temperatures had not exceeded 103.6° F. In those experiments in- 
volving transfusion with contaminated blood, each rabbit received his own blood drawn 
forty-eight hours previously by cardiae puncture and placed in sterile nonpyrogenie ACD 
solution in coneentrations identical to those used in banked human blood. It had been 
previously determined that transfusion of sterile blood itself would not produce fever. 
The citrated blood was ‘‘banked’’ at 4° C. Needles, syringes, and all glass containers 
were prepared to insure freedom from pyrogens by thorough cleaning and heating to 
170° C. for two hours in an oven. In all experiments, random samples of solutions were 
checked for pyrogenicity according to the standards of the U. S. Pharmacopeia. 

The bacteria were grown for twenty-four hours in tryptose-phosphate broth from 
which they were centrifugated, washed three times in normal saline, and suspended in 
saline so that the density was equal to the number one tube ot the McFarland nephelometer. 
One milliliter of this suspension was added to 10 ml. of ‘‘banked’’ rabbit blood eighteen 
hours before the transfusion. In addition, one milliliter of the bacterial suspension was 
ided to ench of two tubes containing 10 ml. of tryptose phosphate broth. The blood and 


broth were incubated at 37° C., and immediately before transfusion the bacteria were 


again removed from the broth by centrifugation and washed three times. The entire 


vrowth from the first broth culture was added to 10 ml. of sterile rabbit blood which had 
heen incubated eighteen hours at 37° C. and the entire growth from the second culture 
added to 10 ml. of sterile saline. It will be noted that each of the three suspensions 
(bacteria in freshly inoculated blood, in saline, and in blood inoculated eighteen hours 
previously) contained bacteria of the same age of growth, and that the final concentration 
in each was approximately 1012 per milliliter as determined by plate counts immediately 
before injection. 

Each rabbit was transfused through the marginal vein of the ear with 7.0 ml. of 
the suspension of bacteria in blood or saline during a period ot two to three minutes. In 
a rabbit weighing two kilograms, 7.0 ml. corresponds to 250 ml. in a seventy kilogram man. 
Rectal temperatures were taken with a standard elinieal thermometer on three occasions at 
least one and one-half hours preceeding the transfusion, and their mean value was used as the 
baseline temperature. Rectal temperatures were taken hourly for six hours, every two 
hours for the next eight hours, and every four hours for the next twenty-four hours, Ani- 
mals which did not suecumb at once were permitted to survive for seven days. Blood for 
bacterial plate counts and plasma hemoglobin levels was obtained from the central artery 


ar of each rabbit two to three hours after transfusion. The condition of all 


of the ¢ 
rabbits was observed and recorded throughout the period of study. Necropsy was carried 


out immediately after death. Cultures were made of blood from the heart and from 
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sections of liver, spleen, kidney, celiac nodes, and all lesions. Sections of liver, spleen, 
kidney, and any abnormally appearing tissues were stained by hematoxylin and eosin and 


examined microscopically. 
RESULTS 
Incidence of Contamination of Banked Blood.—Bacteria were cultured from 
thirty-eight (2.24 per cent) of the 1,697 bottles of blood examined. 


Contami- 
nants occurred in twelve of 505 (2.37 per cent) bloods drawn by vacuum and in 
twenty-six of 1,192 (2.18 per cent) drawn by gravity (Table 1). There were 
fourteen bacteria per milliliter or less, except in the case of one blood so heavily 
contaminated by diphtheroids that they were too numerous to count in the 
poured plate. 


leaving 


The complete list of bacteria found in blood cultured before 


the bank is given in Table II. The contaminants isolated most. fre- 


quently were staphylococci which were cultured from twenty-one bloods, and 
Nine bacteria] 
contaminants, never exceeding three colonies per milliliter, were cultured from 
There 


were five coagulase negative staphylococci, two diphtheroids, and two B. subtilis. 


all but two of the twenty-one strains were coagulase negative, 


200 bloods obtained from the bottle during transfusion (4.5 per cent 

The major source of contamination in the donor-room was the atmosphere, 
Twenty of 137 samples of air contained bacteria, principally coagulase negative 
staphylococci. Diphtheroids and B. subtilis were isolated once each from 100 
samples of ACD solution, 100 tubings, twenty-four gauze pads soaked in alcohol, 
and twenty-two procaine needles. 
with A. 

Clinical Observations. 


One procaine needle was also contaminated 
aerogenes. No other gram-negative bacteria were found. 
One clinical reaction resulted from the use of con 


taminated blood. This was seen in a child transfused with the blood containine 


TABLE I. INCIDENCE OF BACTERIAL CONTAMINATION OF BANKED BLoop 
SYSTEM FOR CONTAMINATED 
DRAWING BLOOD CULTURED NO PER CENT 
Gravity 1,192 26 2.18 
Vacuum 505 12 2:37 
Total 1,697 294 
TABLE II. BACTERIA ISOLATED FROM THIRTY-EIGHT CONTAMINATED BLOODS CULTURED 
BEFORE LEAVING THE BANK 
NUMBER BLOODS 
CONTAMINATED 
Staphylococcus Z] 
coagulase 4 2 
coagulase 19 
Mier. tetragenes 
B. alkalige HES 3 
Diphtheroids sp. 5 
Str. viridans 


subtilis 
Paracolon Sp. 
nteroeoceus 
Ps, 
FE. 


QETUGINOSA 


freundii 
Total 


*One blood was contaminated with B. alkaligenes and Mier. tetragenes 


‘ 
39* 
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innumerable diphtheroids. Of the thirty-eight contaminated bloods discovered 
in the study, two bottles were not used clinically and six could not be evaluated 


because they were transfused into patients undergoing extensive surgical pro- 
cedures. Of the remaining bloods found to be contaminated in the bank, twenty- 
eight were transfused without producing clinically detectable reactions. One 
additional reaction occurred but the cause could not be determined. The re- 
cipient experienced a chill and the temperature rose 2.8° I*. above normal five 
hours after the transfusion was started. Because these symptoms became ap- 
parent after completion of the transfusion, there was no blood for bacteriologie¢ 
study. An enterococcus had been cultured four days before removal from the 
bank, 


AGE: 3 YEARS 

DIAGNOSIS: ACUTE LEUKEMIA 
AMOUNT TRANSFUSED: 75 C.C. 
CULTURE: INNUMERABLE COLONIES 
OF DIPHTHEROIDS PER ML OF 
TRANSFUSED BLOOD BEFORE 

AND AFTER TRANSFUSION 


104° 


103° 


102° 


101° 


SHAKING 
1009 CHILL 


i 3 4 5 6 7 8 9 10 HOURS 


BLOOD STOPPED 
START OF TRANSFUSION 


BACTERIAL TRANSFUSION REACTION DUE TO DIPHTHEROIDS = 


Fig. 1.—Bacterial transfusion reaction due to diphtheroids. 


The clinical features of the reaction due to diphtheroids are graphically 


represented in Fig. 1. The patient was a 3-year-old child suffering from acute 


leukemia. She had been afebrile before the transtusion. The eontaminated 
blood was transfused immediately after a sample had been removed for bae- 
teriologic examination in the bank so that the results of culture were not then 
known. <A shaking chill was experienced ninety minutes after the start of the 
transfusion when 75 ml. of blood had gone into the vein. At this point the 
transfusion was discontinued. The temperature rose abruptly to 103.6° F. 


NUMBER OF SAMPLES OF BLOOD 


40 


35 


30 


25 


20 
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and then fell gradually to normal in ten hours. No other ill effects were ob- 
served and the patient left the hospital shortly afterward in good condition. 
A sample of the blood which remained after the transfusion was stopped was 
found to contain innumerable diphtheroids as determined by direct smear and 
eulture. To learn if the diphtheroids recovered before and after transfusion 
were the same organisms, their sensitivity to antibiotics was determined, The 
diphtheroids isolated in each instance were inhibited by 8.2 ne per milliliter 
of aureomycin or chloramphenicol, and were resistant to 25.6 «#@ per milliliter 


of streptomycin. 


BACTERICIDAL AND SUPPRESSIVE ACTION OF BANKED BLOOD 


@™ BACTERICIDAL 
SUPPRESSIVE 

PERMITS UNRESTRICTED GROWTH 
(_) NUMBER OF STRAINS TESTED (TOTAL) 


Fig. 2.—Bactericidal and suppressive action of banked blood 


Bactericidal Properties of Blood. At room temperature, eighty-four bloods 
killed or suppressed the bacteria with which they had been inoculated and 
eighty-three bloods permitted heavy erowth. Fig. 2 presents a summary of 
the bactericidal action of these 167 bloods against ninety-three strains. With 
the exception of A. cloacae, among every species tested there were strains which 
did not grow or were killed by human blood. Bacteria were considered to be 
killed if their population after twenty-four hours in blood was reduced, even if 
sterilization had not occurred. Strains of /. coli grew in the presence of ten 
of thirty-five bloods (30 per cent), whereas twenty-eight of forty-six (60 per 
cent) bloods permitted heavy growth of A. aerogenes. Heavy growth of 
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GROWTH CURVE OF 3 STRAINS OF A. AEROGENES (—) 


AND 3 STRAINS OF STAPHYLOCOCCUS (---) 


IN BANKED BLOOD AT ROOM TEMPERATURE 
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TIME IN HOURS 


Growth curve of three strains of A. aerogenes and three strains of staphylococcus in 
banked blood at room temperature, 
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staphylococci was observed in eighteen of thirty-one bloods (58 per cent). 
Four bloods killed coagulase negative staphylococci but coagulase positive 
strains were never killed. In general, gram-positive bacteria were somewhat 
more resistant to killing or suppression by blood than gram-negative bacteria. 
Thus, heavy growth of gram-positive bacteria was seen in thirty of fifty-seven 
bloods (53 per cent), and of gram-negative bacteria in fifty-two of 110 (47 per 
cent). Twelve strains of various bacteria, which were killed upon one exposure 
to blood, manifested heavy growth upon inoculation into blood from a second 
donor. A zone phenomenon was observed twice among fourteen strains of 
staphylococci. In one blood the organism grew readily in dilutions of 10°, 
10-7, and 10°%, but were killed in the 10°° dilution. In the other blood, there 
was suppression at 10-° and 10°, but growth at 10° and 10°. 

In all eightyv-three bloods which allowed heavy growth in twenty-four hours, 
the lag phase preceding multiplication exceeded six hours. A lag phase greater 
than six hours was also observed in broth with inoculums containing the same 
number of bacteria. Detailed growth curves in blood for three representative 
strains of staphylococci and A. aerogenes are shown in Fig. 3. 

In blood stored at 4° C., growth occurred among four strains of E. coli, 
three strains of enterococci, and one strain of A. aerogenes. Table IIT discloses 
that these bacteria multiplied in the refrigerator only if bactericidal or sup- 
pressive power of the inoculated blood had been absent initially or lost after 
storage. When killing or suppressive power was lost, growth oceurred within 
one week. One strain, F. coli P, multiplied until the third week and then dis- 
appeared by the fifth. The only strain of enterococeus which was inoculated 
into blood possessing suppressive action failed to grow significantly in the re- 


frigerator and ultimately died. The populations of two strains of A. aerogenes 


TABLE IIL. RATES OF GROWTH oF BACTERIA INOCULATED INTO BANKED BLOOD AND 
Sforep aT 4° C. 


NUMBER OF VIABLE BACTERIA PER MILLILITER BACTERICIDAL OR 
REFRIGERATED BLOOD SUPPRESSIVE ACTION 
DURATION OF REFRIGERATION IN WEEKS OF INOCULATED 
STRAIN () ] 2 3 } 5 6 10 BLOOD 
Gow <* 2 0) 0) 1S 22 Bactericidal action 
lost after third 
week 
E. eolt **G’’ 21 14 lig Suppressive action 
lost after first 
week 
colt ** 0) l 2 | L100 0 Suppressive action 
lost after second 
week 
E. coli ** E’’ 7 171 None present 
initially 
Enteroeoeeus ** 1°’ 65 145 175 314 536 [* None present 
initially 
Enterocoecus 60 113 134 106 918. 61) 810 None present 


initially 
None present 
initially 
A. aerogenes A 24 50 $8 138 70 115 [* None present 
initially 


*Innumerable. 
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and four of E. coli inoculated into bactericidal bloods were markedly reduced 
within a short time after refrigeration. Three strains of A. aerogenes survived 
in refrigerated blood not possessing bactericidal or suppressive power, and their 
number gradually diminished after three weeks. 

Loss of bactericidal power occurred at 4° C. among four of twenty-six bloods 
inoculated with coli or E. coli In each ease this occurred after 
two weeks of refrigeration. The remaining twenty-two bloods retained bae- 
tericidal power for four weeks or longer. Of the seven refrigerated bloods 
inoculated weekly with freshly cultured strains of EF. coli, three lost bactericidal 
power after one week, one after three weeks, while three bloods remained ae- 


tively bactericidal up to five weeks. 


TABLE IV. LEVELS OF HEMOGLOBIN IN BANKED BLOOD AFTER BACTERIAL GROWTH 


LEVELS OF HEMO 


NO. STRAINS NO, OF HEMOLYTIC GLOBIN IN PLASMA 
TESTED SPECIES STRAINS (MG. %) 
7 A. aerogenes ys A. 2,665 
Be 
3 E. freundii ] 1.115 
ye Paracolon 2 A. 1,400 
} coli 477 
l B. alkaligenes ] 107 
Enterococcus 0 
Staph. aureus (0) 
l A. cloacae 0) 
l Ps. aeruginosa 0 


TaBLeE V. Erercr or NONHEMOLYTIC BACTERIA ON FRAGILITY OF ERYTHROCYTES IN 
3ANKED BLoop 


STRAINS PRO STRAINS PRO 

NO. OF DUCING INC. DUCING INC. 

SPECIES STRAINS NO. OF BLOODS MECH, FRAGILITY OSMOTIC FRAG, 
Enterococcus 3 ] 
K. pneumoniae 0 9 
A. aerogenes Q 
Ps. aeruginosa 0 0 
Staph. aureus 10 [ha 0 9 
Total zQ 26 ] S 


Heating to 56° C. for twenty minutes destroyed the bactericidal power of 
seven plasmas for F. coli but not that of three plasmas for coagulase negative 
staphylocoeci. Addition of C’ from guinea pigs did not restore the lost killing 
power. Plasma treated with .01IOSN NH,OH lost its killing power for the three 
strains of EF. coli tested. 

Effect in Vitro of Bacterial Growth in Blood.—Levels of hemoglobin in the 
plasma higher than 100 mg. per cent were caused by eight of thirty-one strains 
(Table IV). Eight nonhemolytie strains distinctly increased erythroeyte fra- 
gility (Table V). Among fourteen species, there were 125 strains which clotted 


blood by consuming citrate, a phenomenon considered in detail in another re- 
port.2. The blood type was altered only once in 113 contaminated specimens 


Be 
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when type O was changed to AB by Ps. aeruginosa. Clumping also occurred 
when the cells and plasmas contaminated by this strain of Ps. aeruginosa were 
crossmatched against uncontaminated homologous cells and plasmas. Another 
strain of Ps. aeruginosa did not alter the erythrocytes but changed the sera 
from a type O specimen so that homologous cells were clumped. Neither strain 
of pseudomonas altered blood on further testing. 

Effects in Animals Transfused with Contaminated Blood.—Rabbits trans- 
fused with blood or saline containing large numbers of staphylococci or diph- 
theroids experienced fever but no other observable harm. By comparison, A. 
aerogenes also produced fever but, in addition, all animals inoculated became 
ill and all but one died (Table VI). The sickest animals suffered in turn diar- 
rhea, dyspnea, extreme weakness with inability to stand, generalized clonus, 
opisthotonos, complete flaccid paralysis, and death. The first symptom was 
noticed in one hour, and death occurred as early as two and one-half hours. 
Some animals manifested only lethargy until shortly before death. The three 
rabbits, transfused with blood inoculated with A. aerogenes eighteen hours 
previously, died before nine hours had elapsed. All other rabbits receiving 
suspensions of .1. aerogenes in blood or saline, survived for more than nine hours 
except one which lived only two and one-half hours after transfusion of a bae- 
terial suspension in saline. Two rabbits survived seven days. One died at that 
time and the other, which had become greatly emaciated and prostrate, was 
sacrificed. No hemolysis had occurred prior to transfusion in the bloods inocu- 
lated eighteen hours before use regardless of species used. Intravascular hemol- 
ysis was observed in only two rabbits, both of which had received the same 
strain of A, aerogenes. This organism had been isolated originally from the 
blood of a septicemie patient who had experienced marked intravascular hemol- 
vsis. In one of the rabbits, the plasma hemoglobin level became elevated to 
seventy-five milligrams per cent three and one-half hours after receiving a saline 
suspension of this culture. The other rabbit received blood inoculated eighteen 
hours previously with this organism and his plasma hemoglobin rose to thirty- 
five milligrams per cent in three and one-half hours. 

Rabbits appeared unable to clear A. aerogenes from the blood as rapidly 
as staphyvlococei or diphtheroids. In two to three hours there were 0 to 50 
diphtheroids and 12 to 20 staphylococci per milliliter of blood in all except one 
rabbit whose blood contained 1,000 staphylocoeci per milliliter. The numbers 
of A. aerogenes in the blood atter two to three hours, however, were often too 
numerous to count in the regular plate poured with 0.5 ml. of blood, and 


TABLE VI. EFFECTS OF TRANSFUSING RABBITS WITH BLOOD OR SALINE CONTAINING 
1012 BacTERIA PER MILLILITER 


MEAN FEBRILE 


SPECIES NO, OF STRAINS RESPONSE MORTALITY RAT! 
A. aerogenes 3.5 degrees in 11/12 
3.16 hours 
Staphylococcus 5 4 } degrees in 0 O/S 
hours 
Diphtheroids 2 2.8 degrees in 0 0/6 


3.2 hours 


ee 
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generally exceeded 100 per ml. Culture of tissues obtained post mortem from 
such animals disclosed innumerable colonies of A. aerogenes in the liver and 
spleen. In the animals saerificed after one week, culture of the liver yielded no 
A. aerogenes, but numerous colonies were recovered from the spleen. Cultures 
of the tissues of animals who had received diphtheroids were sterile at the end 
of one week while culture of the liver and spleen of rabbits sacrificed one week 
after transfusion with staphylococci showed only an oceasional colony of this 
organism. 

There were no gross anatomic changes observed post mortem. Microscopie 
examination of the spleen and sometimes the liver of animals transfused with 
blood containing A. aerogenes disclosed marked focal necrosis. In the spleen 
the necrosis was sometimes very extensive, involving all elements of the pulp 
and encroaching upon the follicles. Masses of bacteria were observed in the 
necrotic centers. The tissues examined from rabbits inoculated with staphylo- 
cocci and diphtheroids were not found to be abnormal. 


DISCUSSION 


The true incidence of contamination of banked blood existing during the 
period of these studies was probably higher than the observed rate of 2.24 per 
cent. The large remaining portion of blood used for transfusion undoubtedly 
contained bacteria not represented in the small aliquot examined. <As these 
observations have been made in a university hospital whose methods are con- 
stantly open to scrutiny during the course of teaching, and whose personnel is 
well selected and trained, the opportunity for contamination of transfused blood 
may be less than that which exists in hospitals with less supervision. Contamina- 
tion of some bottles of transfused blood is, therefore, to be expected, and _ re- 
cipients are potentially exposed to the harmful effects disclosed by the present 
investigation. It appears that the most serious danger is transfusion of blood 
containing enough gram-negative bacilli to cause the violent toxie action seen 
experimentally in rabbits and clinieally in cases reported elsewhere.' There 
is also potential harm from hemolysis, change in type, and increase in erythro- 
eyte fragility, all resulting from bacterial growth. 

Fortunately the actual risk from contamination was found to be much 
less than the rate of contamination might indieate because of factors which 
minimize these hazards. The commonest contaminants in the blood and in the 
donor-room were nonpathogenic staphylococci. These organisms, though pyro- 
venice, have been demonstrated to elicit no harmful signs of consequence even 
when huge numbers were given to animals in transfused blood. Diphtheroids 
appeared harmless, also, both in animals and in the one patient who experienced 
only a febrile reaction despite the heavy contamination of the transfused blood. 
It would seem that nonpathogenic gram-positive contaminants may not be 
harmful in man even after transfusion of blood containing huge numbers of 
organisms. Thirty-three of thirty-nine contaminated bloods contained gram- 
positive bacteria, and only six contained gram-negative bacteria. 

The small incidence of serious reactions from contaminated blood is partly 


explained by a study of growth of bacteria in blood and by the bactericidal or 
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suppressive action of blood. Approximately half of the bacterial contaminants 
tested were killed or suppressed by banked citrated blood standing at room 
temperature. Among the fifty per cent which survived in blood and grew 
heavily in twenty-four hours at room temperature, the lag phase preceding 
multiplication always exceeded six hours, a period longer than required for 
giving transfusions. At 4° C., the storage temperature for banked blood, 
growth appeared to be suppressed in blood which possessed bactericidal or sup- 
pressive power. If these antibacterial properties were lost during storage, or 
if they were not present to begin with, heavy multiplication sometimes de- 
veloped. In the ease of gram-negative bacteria, the bactericidal power of blood 
was found to depend on complement ((’) as demonstrated by loss of the killing 
power of plasma for E. coli when C’ was inactivated by heat and C’4 by NH,OH. 
Failure to restore killing with C’ from guinea pigs was not surprising as their 
sera are known to be a poor source of ©’ for the bactericidal test.!" Most bloods 
inoculated with FE. coli retained bactericidal action for more than four weeks 


at 4° ©. This is in accord with the long duration of activity of C’ in citrated 
blood at cold temperatures as demonstrated by Kelmer.’' The occasional loss 
of bactericidal action whieh occurred in refrigerated blood was probably due to 
loss of ©’, The preservation of C’ for many weeks in banked blood during re- 
frigeration is no doubt important from the standpoint of protecting recipients 
from the effects of gram-negative bacterial contaminants. 

The factors which minimize bacterial growth in blood protect the patient 
not only from the direct effects of the bacteria but also from the hemolysis, 
from the increased fragility, and from the change in type which may result 
from bacterial action on erythroeytes. The relative infrequeney with which 
staphylococci produce these changes is also significant. Hemolvsis and change 
in blood type by staphylococci were not observed in the present experiments, 
and increased fragility was produced by only two of ten strains of staphyvlo- 
cocci. By contrast, among gram-negative bacteria, marked hemolysis in banked 
blood resulted from growth of seven of nineteen strains. When eight of the 
nonhemolytie gram-negative strains were examined further, three were found 
to increase the fragility of erythrocytes. 

Change in blood type by bacteria is uncommon and is, therefore, not a 
frequent hazard from contamination of the transfused blood itself. A more 
likely source of difficulty will occur from the contamination of pilot specimens 
used for typing and crossmatching, because sterile precautions are not uni- 
versally observed in their collection and storage. Typing may be interfered 
with by the *‘IH1’’ phenomenon of Davidsohn and Toharsky'? which involves the 
production by bacteria in serum of agglutinins for all human cells. Typing 
may also be disturbed because of the ‘‘T’’ phenomenon of Friedenreich'® which 
is characterized by the bacterial transformation of erythrocytes into eells which 
are agglutinated by all adult human sera. Sueh altered cells are typed as AB 
in the routine tests. Hach phenomenon was observed in our experiments and 
was induced by two different strains of Ps. aeruginosa but by no other bacteria. 
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This change in erythrocytes was possibly related to the great proteolytic ae- 
tivity of Ps. aeruginosa and can be compared to the change in erythrocytes by 
trypsin. 

Consumption of citrate led to the clotting of blood by fifty-four of eighty- 
three strains of gram-negative bacteria including sixteen of eighteen strains of 
A, aerogenes.’ Clotting of banked blood is not a serious clinical hazard because 
of the filter systems used. The presence of clots, however, may be strongly 
indicative of heavy bacterial growth, and serves as a useful signal that the 
banked blood may be contaminated. 

The predominant isolation of nonpathogenic staphylococci and other gram- 
positive bacteria from articles and air in the donor-room explains the frequent 
contamination of blood by these bacteria. Sampling of the air yielded more 
frequent positive cultures than from any other source, a fact which emphasizes 
the importance of preventing entry of air into blood bottles during collection. 
Less contamination was expected when blood was collected by a ‘‘closed’”’ 
vacuum system, but the incidence of contamination was the same for gravity 
and vacuum methods. Bacteria were allowed to enter the blood bottle when 
air was sucked around the outside of the needle attached to the vacuum bottle. 
Bacteria were isolated twice as often from samples of blood removed from the 
bottle during transfusion as from specimens obtained twenty-four hours after 
drawing in the bank. The number of colonies per milliliter of blood had not 
increased, however, at the time of transfusion. In other words, the process of 
administering the transfusion led to additional contamination, but growth was 
restricted by the factors already mentioned. 

One may conclude that under the conditions studied, banked blood is not 
infrequently contaminated, but the number of bacteria per milliliter of blood 
are few and their threat to the recipient is small. The rare serious reactions 
from bacteria will occur only when blood becomes so heavily inoeulated with 
eram-negative bacilli that the lag phase is shortened and the bactericidal or 
suppressive actions overcome. The recipient of blood so contaminated by gram- 
negative bacilli may face the possible grave effeets of hemolyzed blood, of more 
fragile erythrocytes, and most certainly of bacterial toxins. Blood may also 
hecome heavily contaminated and overgrown by gram-positive bacteria, leading 
to fever but without other apparent harm to the patient. A number of benign 
reactions undoubtedly result from blood heavily contaminated with nonpatho- 
genie gram-positive bacteria. 

SUMMARY AND CONCLUSIONS 

Bacterial contaminants were isolated from thirty-eight (2.24 per cent) of 
1,697 pints of blood cultured before leaving the bank. Organisms most fre- 
quently isolated were nonpathogenic staphylococci. 

Heavy growth by diphtheroids produced the only febrile reaction among 
recipients of these contaminated bloods. The patient experiencing the reaction 
suffered no observable harm. 

The low rate of reaction was explained by (a) the bactericidal or bacterio- 


statie action of approximately fifty per cent of the bloods, (b) the long lag 
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phase preceding multiplication of bacteria in blood not possessing bactericidal 
or suppressive power, (¢) infrequent growth of bacteria in the refrigerator, 
and (d) small size of the bacterial inoculum. 

The potential harm from these contaminants was investigated by observing 
the effects of heavy growth in human blood. Marked hemolysis, increased 
erythrocyte fragility, and clotting due to consumption of citrate were frequently 
‘aused by gram-negative bacteria but seldom by staphylococci, Alteration of 
erythrocytes leading to change in type was found only once in 113 contaminated 
specimens. 

The potential harm in vivo of heavily contaminated blood was determined 
hy comparing the effects of transfusing blood containing either staphylococei, 
diphtheroids, or A. aerogenes into rabbits. Staphylococci and diphtheroids 
invariably produced fever but no harm. A. aerogenes, on the other hand, was 
equally pyrogenic but highly toxie and lethal. Necropsy disclosed areas of 
focal necrosis in the spleen and liver of rabbits killed by A. aerogenes. 

These harmful effects resulting from transfusion of contaminated blood 
probably occur clinieally only under conditions whieh permit contamination 
of banked blood by gram-negative bacteria in numbers large enough to shorten 
materially the lag phase and to overcome the bactericidal and suppressive 


actions. 


Illustrations were drawn by Joan Tillman. 
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BRONCHOSPIROMETRY 


I. RevIEW OF THE LITERATURE 
EpWARD A, GAENSLER, M.D. 
Boston, Mass. 


Hk separate and simultaneous recording of the function of the two lungs 

by bronchospirometry was first performed in man by Jacobaeus, Frenckner, 
and Bjorkman in 1932.' Since then, this technique has grown from a complex 
research procedure to a Clinical method of practical necessity. Despite the 
rapid growth of interest in the technique and the increasing number of publica- 
tions concerning particular facets of bronchospirometry, information on the 
subject is wanting in a number of respects. The work in this field has not been 
reviewed since 1954.* The technique has never been described in great detail. 
Contraindications have been enumerated, but complications due to the procedure 
have only been alluded to. Extensive experience with bronchospirometry has 
heen mentioned occasionally; invariably, only a few striking illustrative cases 
have been shown or the findings in just one particular disease or operation 
have been analyzed. Statistical examination of results with various catheters, 
different medications, and recording techniques have not been made. The eon- 
sistency in obtaining satisfactory tracings, the severity of dyspnea during the 
procedure, the cause of unsatisfactory tests, and the incidence of complications 
have not been reported. The present series of papers has been planned to 
review the literature and to present a number of variations in technique and 
new applications of bronchospirometry, which we have found useful during our 
experience with about 1,000 examinations. 

The study will be introduced by a review of the literature. Further 
papers of this series are planned which will deal with a comparison of available 
bronchospirometrie catheters and experimental and theoretical analysis of 
the effects of resistance breathing.’ The study will be continued with a 
presentation of the technique of bronchospirometry, and with the interpreta- 
tion of the normal, abnormal, and faulty bronchospirogram. A discussion of 
indications will be followed by enumeration of contraindications and statistical 
justification for these contraindieations will be given. The special techniques 
of ambient air recording spirometry’ and differential residual volume de- 
termination will be deseribed.© Results will be summarized both from the 
clinical and the physiologic viewpoint, and the outcome of special studies in- 
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eluding bronchial obstruction experiments and differentia! pheumotachography 
will be reported.”. The study will be concluded with an account of experiences 
with bronchospirometry during intrathoracic surgical procedures.’ 


REVIEW OF THE LITERATURE 


For convenience and rapid orientation, publications on the general subject of differen 
tial lung function have been grouped according to date, either prior to, or after Jacobaeus, 
Frenckner, and Bjérkman’s original publication of 1932.1. Experiments aiming at the solu 
tion of problems in respiratory physiology have been separated from those devoted primarily 
to the study of the effect of pulmonary disease and studies of the effect of collapse and 
thoracic surgical procedures. Finally, publications concerning primarily the development and 
description of new instruments for bronchospirometry have been treated separately, 

Studies of Differential Function Before 1932. Techniques for separate air collection 
from the two lungs, prior to the introduction of the double lumen bronchoscope, have been 
exhaustively reviewed by Bjirkman.2 All early animal studies involved the use of a 
‘*Pfliiger’’ catheter, a thin tube with an inflatable rubber cuff at the bronchial end, usually 
introduced through a tracheotomy. Early tubes were too small for adequate ventilation and 
were merely used to obtain gas samples. Later, two larger catheters were introduced into 
the main stem bronchi for study of regulation of respiration, the effects of vagus and 
sympathetic nerve section, and the unilateral breathing of carbon dioxide and ozone, The 
consequences of unilateral pneumothorax and of occlusion of one branch of the pulmonary 
artery were also investigated by these techniques, Because of the defects in the mediastina 
of the experimental animals used, these studies were not productive until special operative 
procedures for exposure of the trachea and hilus were developed.® 

Publications Since 1932.—The double-lumen bronchoscope: Some 


att 


empts were made 
prior to 1932 to measure differential pulmonary function in man,10.11 but Jacobaeus. 
Frenckner, and Bjérkman were the first to do this successfully.) Their original technique 
was not bronchospirometry in the modern sense. They recorded the respiratory excursions 
of the two lungs separately, but not simultaneously with a single lumen bronchoscope. Realiz 
ing that oxygen uptake and earbon dioxide output change from minute to minute in dis 
turbed patients, they merely recorded ventilation and vital capacity first of one lung and 
then of the other in eleven patients. The tracings obtained were not strictly comparable 
because the ventilation varied from one tracing to another. The vocal cords often closed 
around the tube and obstructed the airway to the lung not under observation. 

A double-lumen bronchoseope, consisting of a small round tube within another larger 
one, was constructed for simultaneous registration of respiratory excursions of the two lungs. 
Resistance breathing was encountered within the outer tube of semilunar cross section. At 
the suggestion of Bjérkman2 another double lumen hbronchoscope was built by Frenekner 
which consisted of two identical tubes of semicircular cross section placed beside each other.12 
This device merits more detailed description since all but two of the later flexible catheters 
incorporated its basie design. The single rigid bronchoscopic tube was divided by a parti 
tion into two parallel channels of equal and sufficiently large cross section to permit relatively 
free ventilation of both lungs. Glass windows at the proximal ends of the tubes permitted 
constant observation of the bronchoscope’s position. The slightly longer, protruding tip of 
the left channel was placed in the left main bronchus, up to, but not beyond the orifice of the 
upper lobe of the left lung. The left lung was then sealed from the outside by inflation of a 
rubber cuff proximal to the orifice of the left upper lobe but still within the bronchus. The 
shorter channel for the right lung ended just above the carina and was sealed by inflation of 
a larger rubber cuff placed around the entire bronchoscope within the trachea. Bjorkman 
described this instrument, the associated recording apparatus, and his experiences with seventy 
patients in a classical treatise.2 In spite of the many contributions made by Jacobaeus and 


his associates using this instrument,13-16 it did not find general acceptance, This was because 


the urgent need for clinical bronchospirometry had not arisen and the large stiff broncho 
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scope caused considerable discomfort. Although Jacobaeus’ publications were reprinted in 
many countries, we found only a single report of another group using his double broncho 
scope. 17 

Analysis of differential function without intubation: A number of techniques have 
been described for estimation of individual lung function without introduetion of instru- 
ments into the respiratory passages, 

The most widely accepted of these methods is the fluoroscopic observation of the 
chest during quiet breathing and during maximal ventilatory efforts.18,19 This examina- 
tion has become part of the routine of cardiorespiratory evaluation because it supplies 
significant information which cannot be obtained by bronchospirometry. Localized 
‘*trapping’’ of air or motion of the mediastinum on forced expiration gives indication of 
a type of unilateral disease which is missed during bronchospirometry, sinee the latter 
of necessity entails some resistance breathing. Fluoroscopy and examination of inspira- 
tory and expiratory films are now used as an adjunet to, rather than a substitute for 
bronchospirometry, Early split function studies showed that estimation of relative function 
hy roentgenologic means was frequently inaccurate, particularly with respect to oxygen up 
tuke.!,2 The discrepancy between functional estimation by roentgenograms and broncho 
spirograms has been emphasized frequently. Vaecarezza and associates? and Johns and 
Seabury?! have devoted special reports to an analysis of this subject. 


Special grids for registration on one film of both the inspiratory and expiratory posi 


tion have been developed. Birath and associates have used such doubly exposed roentgeno 
yvrams for estimation of differential function22, 23 and Vacearezza and associates have es 


timated respiratory excursions of the two lungs in various positions with the help of these 
‘* digrafias, ’’24, 25 

Simonin and associates mentioned a refinement of the roentgenologie technique.26 The 
participation in total function of the two lungs was calculated from photoelectrically measured 
densities of the two lung fields from roentgenograms taken on full inspiration and on deep 
est expiration, Since the measurement of density is two-dimensional and the expansion of the 
lungs is three-dimensional, the applicability of this ‘‘densidigraphie’’ must be questioned. 

A mechanical device may be mentioned here, the use of which was based on the premise 
that pulmonary insufficiency is always accompanied by a corresponding limitation of motion 


of the thoracic cage and the diaphragm. The instrument, described by Labesse, consists of 


two thoracometers and a device for separate compression of each hemithorax and each leaf 
of the diaphragm.27 Ordinary spirometry is performed while the instrument blocks respira 
tions first of one lung and then of the other. Many years ago, similar experiments with 
double thoracometers led Anthony and Hansen to the conclusion that differential functional 
analysis in man is impossible.?s 

Occlusion of one branch of the pulmonary artery by an inflatable cuff attached to a 
cardiac catheter represents perhaps the greatest refinement in differential funetional analysis. 
This technique has been used alone?% and in conjunetion with bronchospirometry.%° It differs 
from the previously considered methods because it permits analysis of differential oxygen 
uptake, 

Analysis of differential function by intubation but without bronchospirometry: The 
original Jacobaeus technique has been modified repeatedly. While most efforts have been 
directed toward simplification of bronchospirometry, a few investigators have felt that 
simultaneous recording of respiratory excursions of both lungs is too complex a procedure 


to be elinically applicable. They returned to Jacobaeus’ first method of recording ven 
tilation of each lung in sequence.t Bezangon used an ordinary 7-40 Jackson broncho- 
scope with a rubber cuff at the bronchial end.s! He recorded respirations for two min 
utes on each side. The technique was said to be less traumatic and satisfactory for elin- 
ical evaluation. Arnaud, Tulou, and Merigot passed a long thin rubber tube, similar to 
a gastric tube, through the nose into either main bronchus under fluoroseopie control.32 
Respirations were recorded with an ordinary basal metabolism apparatus and mouth piece. 
After a few minutes the airway to one lung was blocked by inflation of a rubber tampon 


attached to the tip of the tube. The spirogram was observed for inerease in respiratory 
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rate, decrease in tidal volume and decrease in vital capacity. The procedure was repeated 
for the other lung. They thought this method avoided the trauma of bronchospirometry 
and simulated conditions encountered during therapeutic collapse measures or resection, This 
technique has found some favor on the continent.’ Subsequently, other investigators have 
returned to the ‘‘Arnaud Test.’’ They used a modern double-lumen catheter and intermit 
tently occluded one or the other lumen.*4,%5 A similar technique, without the refinement of 
recorded respiratory excursions, was reported in this country by Rogers.s6 Respiratory and 
pulse rates were noted during bronchoscopy. The main bronchus of the lung to be operated 
on was then occluded by a sponge attached to a ureteral catheter. The vital rates were then 
recorded again for fifteeen minutes and observations concerning cyanosis were made. An 
acceptable candidate for surgery was one who did not develop cyanosis and who showed no 
appreciable rise of pulse and respiratory rate upon bronchial occlusion. 

Modern double-lumen bronchospirometry: The majority of investigators have 
realized the importance of simultaneous recording of respirations from both lungs and have 
devoted their efforts toward construction of less traumatic and more adaptable double-lumen 
tubes. Although a new rigid double-bronchoscope has been deseribed recentlys? it is the three 
flexible double-lumen catheters of Gebauer,’s Zavod,3® and Carlens#0 which have brought 
bronchospirometry within reach of the clinician, 

Modifications of the double-lumen bronchoscope 'y The only stiff double-lumen tube re 
ported since 19534 was designed by Breton and Méréau.s? It is a complex tube-within-tube 
arrangement used for functional analysis of single lobes and for unilateral airway obstrue 
tion—the ‘‘ Arnaud test.’’ With it, fifty-five successful examinations were performed; its use 
has not been recorded by anyone else. 

Flexible double-lumen catheters: Three different flexible tubes have been devised to re 
place the original Jacobaeus double-lumen bronchoscope. With these two distinct advantages 
of the bronchoscope were sacrificed: the position of the distal ends of the tube within the 
trachea and left main bronchus could no longer be visualized during bronchospirometry; and 
the removal of secretions by suction catheter became a great deal more difficult. On the 
other hand, the flexible tubes introduced numerous advantages. Patients were no longe 
required to assume the awkward position required for bronchoscopy, but could lie on their 
backs with a pillow supporting the head. This eliminated the necessity of a head holder, 
and avoided the pressure against the back of the throat and upper incisors, a common com 
plaint of bronchoscopy. The greater comfort and lesser trauma with the flexible tubes per 
mitted recording of tracings for longer periods of time and patients were willing to submit 


to the procedure on repeated occasions. 


The Gebauer tube: This was the first of the bronchospirometrie catheters, described. it 
1939.38 It is a double lumen rubber tube with a curvature at the distal end adapted for the 
take-off of the left main bronchus (Fig. 1). This curvature is supported by a steel spring 
within the rubber envelope, giving the tube some stiffness which aids in its introduction 
through the vocal cords and into the bronchus, The spring, by making the bronchial end 
radiopaque, helps in the fluoroscopic positioning. A single rubber capillary, incorporated in 
the same rubber envelope, is used to inflate the small rubber cuff within the left main bronchus 
as well as the larger cuff within the trachea. The left lumen has an end opening for collec 
tion of air from the left lung. The right lumen has a lateral opening facing the tracheal 
wall for collection of air from the right lung. This is an unfortunate defect in design, since 
this lateral opening tends to become occluded by the wall of the trachea if any abnormal 
curvative or deviation exists. The significance of this will be discussed in more detail later. 

The Gebauer tube was modifiedd by Wright.41 Both internal diameters were en- 
larged and the external diameter at the tip was somewhat reduced. Thinner rubber 
balloons were used for cuffs and additional radioopaque markers were added for fluoro 
scopic localization of the balloons and the two orifices. It is this modification of the 
Gebauer catheter which is now commercially available, and which we have used, The 
eatheter is illustrated in Fig. 1 and its dimensions and characteristics are shown in Table I. 
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The Zavod tube: This catheter was designed independently of Gebauer’s and was first 

deseribed in 1940.39 

flexible steel plate at the bronchial end 

the original Gebauer tube, it has two fine rubber capillaries within its wall for separate in- 
for introduction by indirect 


It is almost identical in design to the tube just described, but has a 
J 
for maintenance of the natural curvature. Unlike 


euffs at different pressures. It is designed 


flation of two 
It is illustrated in Fig. 1, and the dimensions are sum- 


laryngoscopy with a steel stylet. 


marized in Table 
The Carlens tube: This, the latest of the bronchospirometric catheters (1949), 
It is based on the general prin- 


originated, like the Jacobaeus bronchoscope, in Sweden.4° 
However, several changes in design appeat 


ciple of the Zavod and Gebauer instruments. 


NORRIS GEBAUER 


b 


Fig. 1.—-Various bronchospirometric catheters. Above, from left to right: the single 
lumen Norris tube with stylet for introduction, the Gebauer catheter as modified by Wright, 
and the Gavod catheter. Below, the Carlens catheter and its stylet. Note the second curva- 
ture for the upper respiratory passage, the rubber hook for engagement with the carina, the 
end rather than side opening facing the right the large internal diameters 
and the control bubbles for cuff inflation. 


main bronchus, 


/ | 
SY 
| | | | | 
| 
0 | \ | 
| | | 
| 
| | | | 
| | | ] | 
| | | / \ 
\\ / \ | \ 
| / | se 
Wt 4 . | | 
\ 4 
| 
A Ol 
Wy | 
| 
A AN |] 
YY | 
y 
\ 
\ CARLENS 
all 


sa \ 


oyeandey 


boll 


=< 
{st 
pug pun 
LI 
< 


ON ON 


pot 


Wyoou 
| 


104 

snyouodqg 
SUOLL JO 


11-6 ‘miu ‘diy JO 
NOW JO 


‘ulm OF 38 JO 


GG Lt tel 
SOLLSINALOVUVHY IVOISAHG dO NOSTYVdKO,) ‘| 


AO 


my 
~ 
= 
J 
= 
= 
I. = 
= 
i 


BRONCHOSPIROMETRY 923 


to correct some of the defects of the former two instruments. In addition to the curvature 
at the tip for the left main bronchus, the Carlens tube has a second curvature which corre 
sponds to the position of the trachea and upper respiratory passages of a supine subject 
whose head is supported on a small pillow (Fig. 1). The instrument is made of thinner 
rubber, making possible airways of larger internal diameter without increase in external 
diameter. This increase in size of the lumen is so marked that the airways can be aspirated 
easily with a rubber catheter for removal of secretions. Exercise tests are possible with the 
tube in place,42 and the catheter has been used during more than 300 thoracic surgical pro- 
cedures for administration of anesthetic gases.43-46 The rubber capillaries for inflation of 
the cuffs are fitted with small external control balloons designed for immediate detection of 
air leaks. The most conspicuous new feature of the tube is a small rubber hook placed about 
tem. proximal to the tip of the instrument. This hook is tied flat to the tube with a piece of 
thread during introduction. After the tip and hook have. passed by the cords, the hook is 
released by removal of the tie and it then engages the carina, This prevents passing the tube 
too far and no fluoroscopic control is required for its use. To us a most important feature 
is the change from a lateral opening for the right lung to an end opening with a diameter 
equal to that on the left. This avoids occlusion of the airway for the right lung by a 
deviated trachea—one of the chief difficulties encountered with the Zavod and Gebauer 
tubes. The largest external dimension of the Carlens tube, at the attachment of the rubber 
hook, is somewhat larger than that of the other two tubes. Its passaye is therefore a little 
more difficult. The instrument was designed to be introduced by indirect laryngoscopy with 
a stylet (Fig. 1, Table I 

Flerible single-lumen catheters: The two internal diameters of the double-lumen 
catheters are limited because the single envelope, incorporating both airways, must still be 
small enough to be introduced without trauma to the vocal eords. Intubation of one lung 
only permits use of a single lumen tube of smaller external diameter than that of the 
double lumen catheters. At the same time a larger internal diameter provides a_ better 
airway for the intubated lung. This method, first used by Jacobaeus and associates,! and 
later advocated by Bezancon and associates,?! was not bronchospirometry in the modern sense, 
since respiratory excursions of the two lungs were recorded successively rather than simul 
taneously. Norris and associates#? and Bailev-Ruthts have converted this procedure into true 
hronchospirometry by the use of a face mask with two outlets. One outlet admits the tube 
for spirometry of the left lung. The air from the right lung passes around the tube and is 
collected by the face mask, Its respiratory excursions are recorded by attaching a second tube 
to the free aperture of the face mask. 

The Norris catheter: This tube, based on the early Jacobaeus principlet was 
designed in 1948.47 It has a single lumen, is 55 em, long, and is made of a semi-rigid metal 
spiral covered by a sleeve of thin Penrose tubing (Fig. 1). It has a single inflatable cuff 
at the tip and is introduced with a stylet. It is advanced until the tip lies in the left main 
bronchus at the take-off of the left upper lobe, but not beyond. The other end of the tube 
emerges from the mouth through a Y-adaptor attached to the face mask. The left lung 
ventilates through the Norris tube. The air passage for the right lung consists of the trachea 
and the upper respiratory tract. The face mask collects the air from the right lung and the 
right spirometer is attached to the open end of the Y-adaptor. The single unquestioned 
advantage of this tube is that a larger airway is provided for the left lung. Therefore, resist 
ance breathing is reduced on that side. 

Comroe4® has eriticized the Norris tube on four counts. He objects to the different 
resistance of the airways to the two lungs, since the cross sectional area of the airway for the 
right lung is variable. He feels that the right lung may become obstructed if the cords close 
around the catheter; this was found to be the chief difficulty with the original one-lumen 
bronchoscope of Jacobaeus.1 He also points out that the right lung has a larger dead space 


than the left lung, and that the mask may leak. 
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Kunkel and Lahey have devised a modification of the Norris technique which answers the 


latter two points of criticism.5° Instead of a mask, an ordinary basal metabolism mouth 


piece is used and the Norris tube is brought out through one side of the mouth piece. <A 


second tube of equal diameter is sealed over the remaining aperture of the mouth piece with a 


rubber dam and cement and serves as an airway to the right lung. A nose clamp is necessary. 


This modification has been used at our laboratories. 


The Norris tube together with its stylet and ‘nflatable sleeve is illustrated in Fig. L 


and its dimensions are shown in Table & 
The use of this instrument for bronchoscopirometry was 


The Bailey-Ruth bronchoscope: 
shell, which is almost identical to the 


deseribed by Braun.48 It consists of a flexible outer 


rigid bronchoscope which acts as core for the rubber tube. 


Norris catheter, and a narrow 
The assembled instrument, which is provided with a light a 
bronchoscope. When the tip has been correctly placed under direct vision, the rigid broncho 


t the tip, is introduced like a 


scope is removed, leaving the soft single-lumen catheter in place. Air from the other lung 1s 


apparently collected with a mask. We have had no opportunity to see this device. 
Bronchospirometry in the experimental animal: Although other techniques, such as 


plugging of individual bronchi with malleable plastics,9! and surgical production of a ‘omall 


still oceasionally used for special studies, 


lung’’ by exteriorization of a lobar bronehus,®? are 


the principle of bronchospirometry has heen almost universally accepted for animal work. 
The smaller diameter of the animals’ airway presents a special 
made of materials of a thickness equal to that used in man. 
and the higher take-off of the upper lobe bronchi present 
4 and others 


problem since tubes must be 


The greater mobility of the 


mediastinum, especially in dogs, 
Because of these difficulties, Wright. Poutourline- Young 


additional problems. 
Unlike the Jacobaeus hbronchoscope, 


have preferred double bronchoseopes made of thin metal. 
the two airways are of equal length and the tip is fitted with specially eonstructed double 
rubber cuffs. The cuffs are inflated and airtight contact is 
have modified the Van Allen eannulas® for broncho 


+ 


made by applying pressure against 


the carina. Liebow and associates® 


spirometry. The flexible double-lumen tubes of Gebauer and of Carlens, designed for use 1n 


man, have also been successfully employed in dogs. 
Peroral intubation of this type permits preservation of the animal for study at a future 


date. This was a basic requirement in many of the experiments described.55, 57,58 If the 


animal can be sacrified, tracheotomy or complete transection of the trachea simplifies the 
procedure. This is almost a necessity if animals smaller than dogs are to be used, A variety 
of techniques of this type were developed before 1932 and have been reviewed by Bjorkman. 
More recent methods were collected by Heemstra in 1948.59 At present the trachea divider 


of Dirken and van Dishoeck appears to he popular for small animals. 


Normal division of pulmo ary function: 


Go 


Investigations of Cardiore spiratory Physiology. 


The number of normal volunteers who have been studied by hbronchospirometry is small. In 


Bjorkman found an average function of 54 to 
agreed with these results, no matter what broneho 


ten observations, 5) per cent of the total on 
the right side.2 Most investigators have 
scope or tube was used.37, 61, 6° Steinmann suspected that the lesser function of the left 
lung is an artefact due to the greater length of the narrow airway on the left.6 Baldwin and 
associates gave 50 to 65 per cent as limits of normal functional participation for the right 
We have considered quantitatively the 
the normal limits of function given by Baldwin are correct.® 


lerably from individual to individual 


lung.64 problem brought up by Steinmann and have 
eome to the conclusion that 
The functional contribution of the two lungs varies consi 


although it does not matter, in any given normal individual, whether that contribution is 
measured by oxygen uptake, ventilation or vital capacity. 

Bronchospirometry and the pulmonary blood supply: Maar, using turtles and rabbits, 
that partial ocelusion of one branch of the pulmonary 


demonstrated nearly fifty years ago 
earbon dioxide output.65 The deerease in 


artery reduced that lung’s oxygen uptake and 
proportional to the degree 
ive of the uninvolved lung. Later, Churchill and Agassiz 


gaseous exchange was roughly of occlusion and was accompanied 


by a corresponding increase of exchar 


Se 
a 
= 
24, 
he 


BRONCHOSPIROMETRY 925 


extended these experiments to observations of the effect of pulmonary arterial and venous 
occlusion on ventilation.® A pericardial window operation permitted manipulation of the hilar 
structures during bronchospirometry without complicating pneumothorax. Liebow and asso- 
ciates, in a series of brilliant investigations, explored the effect of chronic unilateral pulmonary 
arterial occlusion on the collateral circulation of the lung.65 The fraction of the total left 
cardiac output diverted for perfusion of the involved lung could be calculated. This bronchial 
arterial supply increased slowly over the course of months and even years. 

The effect of acute unilateral pulmonary arterial occlusion in the intact animal was 
recently described by Dotter and Lukas2?9 and by Carlens and associates.30 Arterial flow to one 
lung was interrupted with a cardiae catheter fitted with an inflatable balloon. Right 
ventricular or common pulmonary arterial pressures were recorded with a separate catheter. 
Dotter and Lukas noted a marked inerease in right ventricular pressure; the procedure was 
poorly tolerated and was accompanied by electrocardiographie changes. This was probably 
because the common pulmonary artery had been partially or completely occluded in a number 
of their dogs. Of greater interest were the studies of Carlens, because a number of occlusions 
were performed during bronchospirometry and the procedure was performed in man as well 
as in dogs. A minimal increase of pulmonary arterial pressure in their experiments was 
soon compensated for, and the procedure was well tolerated. Bronchospirograms showed a 
cessation of gaseous exchange on the side of occlusion and a resumption of normal oxygen 
uptake when the balloon was deflated. These striking tracings were similar in appearance to 
those obtained in a patient whose left pulmonary artery had been surgically ligated®¢ and 
of another who was born without a right branch of the pulmonary artery.67 

The effect of various gas mixtures during bronchospirometry: Most studies, involving 
the supply of different gases to the two lungs, were in one way or another related to investiga 
tions of pulmonary blood supply. The calculation of effective bronchial blood flow in dogs®> 
and in mané7 required breathing of gases with different oxygen tensions by the two lungs. 
Bjérkman applied the acetylene method for the determination of cardiac output to broncho- 
spirometry. He was able to show that (1) in individuals with normal or nearly normal 
lungs the acetylene method is applicable; (2) the cardiae output to the right and left lungs 
is roughly proportional to their relative oxygen uptake; and (3) in the presence of 
pulmonary pathology this method for determination of cardiac output is not reliable since 
it depends on nearly instantaneous mixing of inspired gases.6s He was the first to point 
out that, in the absence of hypoxia, the differential cardiac output must be the same as the 
differential oxygen uptake. This concept was later used by Dirken and Heemstra in a 
study of the effect of alveolar oxygen tension on pulmonary blood flow.69, 7° By supplying 
one lung of rabbits with an oxygen-poor atmosphere they showed that the blood flow 
decreases in areas of the lung where alveolar oxygen tension is low. These results were 
confirmed by Rahn and Bahnson who demonstrated in dogs that nitrogen breathing of one 
lung causes a reduction of blood flow on that side within a few minutes.71 The occurrence 
of rapid adjustments of this nature was given support by results of ambient air and oxygen 
bronchospirometry in man performed in the presence of pulmonary disease.®. 42 

A number of other studies, involving the breathing of different gases by the two 
lungs, were carried out in man. Jacobaeus and Bruce used oxygen for one lung and room 
air, nitrogen, or nitrogen with 5 per cent carbon dioxide for the other. They studied the 
control of respiration, the excretion of carbon dioxide, and differential distribution of 
blood to the lesser circulation.15. 14 Whitehead and associates supplied air to one lung and 
a low oxygen mixture to the other during an investigation of the adaptive mechanism of 
normal and diseased lungs.72.78 Wright and Woodruff subjected one lung to nitrogen 
breathing to simulate conditions occurring during collapse therapy.74 The increase in 
ventilation of the opposite lung was not closely related to the severity of disease of the 
lung breathing nitrogen, and was unrelated to the amount of oxygen uptake lost due to 
contralateral nitrogen breathing. 

A number of investigators have suggested that the use of almost pure oxygen during 


closed spirometry may obscure the insufficiency of the diseased lung.32, 42, 72-74 To avoid 
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this, Whitehead75 and Wright74 have used an open circuit technique permitting a constant 
supply of room air to the lungs. Arnaud and associates®? interposed boxes of 200-liter capacity 
in the inspiratory circuit of an ordinary spirometer to slow changes in gas composition occurring 
during closed spirometry. This permitted essentially room air breathing for short periods 
of time. This technique was applied to bronchospirometry by Tulou.s+ We have shown 
that a severely damaged lung often participates to a greater extent in the total oxygen 
uptake when breathing pure oxygen instead of room air.75,76 A device which makes 
possible the simultaneous graphic recording of respiratory excursions while breathing 
room air will be described in a later paper of this series.® 

Unilateral bronchial occlusion and atelectasis: The effect of occlusion of the airway 
to one lung has been explored. The work of Arnaud,‘? Tulou®+ and Rogerss6 has been 
referred to. Jacobaeus and Bruce found that unilateral occlusion is usually well tolerated. 
The response varied slightly with the phase of the respiratory eycle where the air stream 
Was interrupted.13 An increase in cardiac output occurred immediately after oeclusion, They 
felt that partial atelectasis would reduce the stress of occlusion since it should be aceom 
panied by a shunting of the blood to the opposite side. Bjork and Salen investigated the 
mechanism of this shunting in dogs.5s To produce atelectasis it was necessary to supply pure 
oxygen to that lung for some time before occlusion and forceful evacuation of air was neces 
sary prior to obliteration of the airway. Angiocardiography revealed that, even in the 
presence of total atelectasis, many hours and even days were required before all of the blood 
flow had been shunted to the other lung. Bence and associates produced unilateral atelectasis 
in man by forceful withdrawal of 100 ml. of air from one lung with a bronchospirometric 
catheter after fullest expiration.77 Striking roentgenograms with all the characteristics of 
atelectasis were obtained. The collapse was immediately reversible and apparently no ill 
effects were sulfered by the patients who volunteered for this study. 

The mobility of the mediastinum in man: It is generally thought that the human 
mediastinum is much more rigid than that of most experimental animals. It is known that 
this rigidity is increased by parenchymal and particularly by pleural disease. A number of 
bronchospirometric studies have shown that the mobility of the human mediastinum is often 
underestimated. Bronchospirometry during administration of artificial pneumothorax, in 
patients without pleural infection, showed that only one-fifth of the injected air is exhaled by 
the lung on that side.7s.79 Some of the injected air increased the pneumothorax space by 
permitting the rib cage to distend and by depressing the diaphragm on that side. However, 
most of the increase of the space was due to shift of the mediastinum to the opposite side, 
The diminution of the volume of the contralateral lung due to this mediastinal shift was not 
recorded quantitatively. Separate determination of the residual volume and vital capacity 
of each lung before and after induction of therapeutic pneumothorax in one patient revealed 
a reduction of 510 ml. in the total lung capacity of the involved side and a reduction of 310 
ml. on the uninvolved side.6 Sarnoff, Gaensler, and Maloney applied external electrical stimu 
lation to one phrenic nerve during bronchospirometry.s’ They found that, in the absence of 
all other respiratory efforts, the human mediastinum may swing sufticiently with each breath 
to cause normal ventilation of the lung on the nonstimulated side. 

The effect of changes in position on differential function: Apparently, few who have 
used the bronchospirometric technique for any extent of time have been able to resist the 
temptation to study the effect of the lateral decubitus position on differential ventilation and 
oxygen uptake. Results have shown consistently that a lung absorbs a greater percentage of 
the total oxygen uptake when it is in the lower posttion of the lateral decubitus,?, 24, 29, 65, $1, 52 
We agree with Van Meeteren that many explanations which have been offered for the in 
crease in oxygen uptake of the lower lung are unsatisfactory.s® We feel that the answer lies 
in a shunting of blood from the upper lung to the lower, as pulmonary vascular resistance 
is altered by the change in the degree of inflation of the two lungs. 

A relative increase of ventilation by the lung in the dependent position was reported occa 


sionally, It was a surprising finding, in view of Vacearezza’s roentgenologic demonstration 
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that the lower lung occupies a smaller volume in all positions of the respiratory eycle and 
shows smaller respiratory excursions.24, 25 Bjork feels that increased ventilation is due to 
the fact that the inferior diaphragm moves up into the thorax in an extreme expiratory 
position. This, he thinks, should facilitate larger inspiratory movements which more than 
compensate for the decreased rib expansion of the lower hemithorax.84 Steinmann found 
the increase of oxygen uptake, of ventilation and even of vital capacity of the lower 
lung such a constant finding that he used the lateral decubitus position during his routine 
bronchospirometries as a functional test.65 He concluded that, if an impaired lung, upon 
being placed in the dependent position of the lateral decubitus, did not increase its rela- 
tive share of function, its reaction to stress and its reserve is very poor. 

Observations on the effect of other mechanical factors on differential function might 
well be mentioned here. Compression of one hemithorax by sandbags did not alter 
differential funetions! and filling of the stomach with air? or raising one arm2 also caused 
no appreciable shift of function, Injection of 1,000 ml. of water into the stomach of a 
patient with a hiatus hernia brought about a severe diminution of the functional participa 
tion of the left lung.7 Rothstein and Strzelezyk examined eight patients who had learned 
‘‘unilateral breathing’’; they found that this voluntary exercise was not reflected by an 
increase in functional participation of the lung on side.85  Jacobaeus!5 and 
Bjérkman2 were much impressed by the ineffectiveness of the coughing effort of diseased 
lungs. Their findings were striking although only partly applicable because resistance 
breathing and spirometer inertia blunted the peaks of the rapid expiratory efforts and the 
coordinated action of the expiratory muscles and vocal cords was impaired when the cords 


were rendered immobile by the double bronchoscope, 


Differential alveolar air collection, differential cardiopneumography and differential 
pneumotachography:  Vaeearezza and associates collected alveolar air from the two lungs 
separately.23, 86,87 Results of these studies were not fruitful from an investigative stand 
point and added little to the clinical evaluation of unilateral pulmonary disease. Janton and 
associates obtained some evidence by this technique that no gaseous exchange took place on 
the left side in a patient whose left pulmonary artery had been accidentally ligated.s8 
Gaensler and Cugell applied the open circuit oxygen dilution method for determination of 
residual volume during bronchospirometry.6 The nitrogen content of the alveolar air was 
analyzed after oxygen breathing: the ‘‘alveolar mixing index’’ or residual nitrogen content 
was often much larger on the diseased side. Rahn and Bahnson were able to perform con 
tinuous and simultaneous alveolar air analysis of each lung during bronchospirometry in the 
dog.71 Their technique was not described. 

Differential cardiopneumatie movements have been recorded; it was felt that this per- 
mitted more detailed analysis of oseillations due to pressure changes in the heart and great 


vessels.2 

The recording of air flow curves of the two lungs by differential pneumotachography 
would be of great interest because a diagnosis of unilateral obstruction or emphysema might 
be made. <A reference to this technique was made in an illustration shown by Proctor and 
Hardy but there was no mention of this in their text.9° We have used a twin pneumotacho 
graph apparatus designed according to Silverman and Whittenberger.®! Resistance breathing 
with the older bronchospirometric catheters caused such abnormal pneumotachograms that 
all but the most extreme pulmonary changes were masked by the effeet of the tube.3 More 
recent experiences with this instrument used in conjunction with the Carlens catheter will be 
reported subsequently. 

Other experimental studies: Many investigators have pointed out that metabolism 
during bronchospirometry ean never be basal. Cardiac output is increased, on the average, 
by about 49 per cent.68 Exercise tests during bronchospirometry have generally not been 
successful because of the marked narrowing of the airway imposed by the catheter. With 
improved tubes it was recently possible to study differential function during exercise in the 
supine position on a bicycle ergometer.‘2 This effort, in twenty-two patients, caused a 


150 to 550 per cent inerease of oxygen uptake. Suprisingly, the ratio of oxygen uptake be 
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tween the two lungs was the same during exercise and at rest even when the damaged lung 
contributed as little as 3 per cent of the total oxygen uptake. It was concluded that, during 
y increases in the same proportion in the functioning parenchymal 


exercise, the blood suppl 
tissue of the diseased lung as in the well lung. 

Lanari and associates have transplanted freshly resected lungs from some dogs into 
others who had just had pneumonectomy.5? Bronchospirometry, two weeks later, showed 
that the transplanted lungs were responsible for as much as 25 to 37 per cent of the total 
oxygen uptake. 

Clinical Bronchospirometry. Abnormal pulmonary arterial supply: Unilateral deficiency 
of pulmonary arterial blood flow apparently affects only oxygen uptake. This was first 
observed by Jacobaeus in a patient who showed partial obstruction of the right branch of the 
pulmonary artery by lymph nodes.'® Accidental surgical occlusion of the left branch of the 
pulmonary artery was followed by poor gaseous exchange on the same side in one ease,’8 and 
appeared to affect oxygen uptake without disturbing ventilation and vital capacity in an 
Madoff, Strieder, and Gaensler have studied a patient with congenital absence 
The right 


other case.66 
of the right branch of the pulmonary artery, discovered by angioeardiography.6? 
lung was responsible for over 50 per cent of the total ventilation and vital capacity, but took 
up no oxygen while breathing room air and only a very slight amount while breathing pure 
oxygen. 

Diffuse pulmonary disease: Bronchospirometric¢ studies of diffuse pulmonary disease, 


particularly bronchial asthma and emphysema, have generally not been fruitful.17, 92, 93 
Although the procedure is usually difficult in asthmaties, we were able to obtain several satis 
factory tracings even when an attack was induced during bronchospirometry by intravenous 


administration of histamine or methacholin.®s, %4 Suggestive evidence was obtained that 


bronchospasm and/or bronchial mucosal edema due to asthma may occasionally oceur pre 


dominantly on one side.9 Wright and Filley reported bronchospirometric studies in patients 


with pulmonary fibrosis.%5 However, only those patients were selected for the procedure where 
the disease was localized rather than diffuse. 


Predominantly unilateral pulmonary disease: It is difficult to organize the results 


of the many studies where a few examples of the effect of a particular disease on differential 


function were shown. The greatest unanimity of opinion exists concerning the ill effects of 


pleural involvement or pulmonary function.15, 81, 96-1 Pinner and associates stated that im 
their series of over 200 cases all lungs showing less than 25 per cent of the total oxygen uptake 


had some pleural disease, while purely pare nchymal disease usually caused only an insignificant 
We agree with this but would add that unilateral endobronchial disease 


101 The only universal finding which applies 


decrease of function.5! 
may have equally damaging effects on function.%4; 
to unilateral parenchymal disease is that oxygen uptake suffers more than other measurable 
Ventilation is often normal in lungs with little involvement and is never as oreatly 
15,61 On the contrary, we have 


function, 
reduced as oxygen uptake, no matter how severe the disease.?. 
frequently observed that lungs with moderate or advanced disease and severe reduction of 
oxygen uptake ventilate more than their normal share at rest.20° 


The bronchospirometric technique does not appear to he sensitive enough to show a 


Large cavities cause considerable loss of oxygen 


The 


functional loss due to early cavitation.?5 
uptake while ventilation and carbon dioxide output often remain unimpaired.1, 6 
measurable functional impairment due to air cysts and bullae depends on their size and on the 
patency of the bronchial communieation.16, 63,102 In addition to pulmonary tuberculosis, in 
all its forms and with all its complications, a number of other diseases have been studied, 
though in smaller numbers. They include bronchiectasis,*» 1°: 
sarcoidosis,? pleural effusion and empyema,96-100 and 


63,75 <A brief investigation of the differential fune 


63,103 lung abscess,?; 15, 29, 


lung cysts,16, 92, 102 actinomycosis,°% 
primary and metastatic carcinoma.*, 1° 
tional effect of kyphoscoliosis and its cor rection by corsets has been reported.®% 

Medical and surgical collapse and resection: The greatest clinical importance of 
is in the study of bilateral pulmonary disease and the effect of collapse 


bronchospirometry 
Pinner has pointed out that bronchospirometry is 


therapy and thoracic surgical procedures. 


te 
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the only method which permits study of the effect of pulmonary collapse on the imvolved lung, 
as well as observation of the compensatory mechanism of the contralateral lung.te4 The 
effect of therapeutic pneumothorax has been studied most intensively because it was the popular 
collapse procedure when bronchospirometry became more widely used.?; 7) 15, 34, 48, 78, 104-108 
The marked loss of function characteristic of active pneumothorax therapy was partially 
responsible for the gradual decline in popularity of this procedure. There have been few 
opportunities to study the return of function after uncomplicated re-expansion of suecessful 
pneumothorax. Patients at that time are seldom hospitalized, and over the years, the interest 
of investigators has usually shifted to other fields. A very poor function of the re-expanded 
pneumothorax lung has often been described. Some bronchospirometric data suggest that 
obliteration of the pneumothorax space occurs chiefly by mediastinal and diaphragmatie 
shift and partial collapse of the hemithoracic cage rather than by true re-expansion of the 
lung.61 Others have felt that the degree of re-expansion is so variable that any prediction 
of the functional end result is impossible.® 

In sharp contrast to intrapleural pneumothorax, the loss of function caused by extra- 
pleural pneumothorax was shown to be very small by Vaccarezza and associates!?9 and by 
Gaensler and Strieder.110 Similar small losses of function were found after extrapleural plom 
bage by Dressler and associates.111 We have compared the loss of function due to extrapleural 
pneumothorax with that due to other collapse and resection therapy and have concluded that 
only phrenie interruption occasionally rivals extrapleural pneumothorax in its function sparing 
characteristi¢s.110 

Some disagreement exists concerning the effeet of phrenic interruption but it is generally 
thought that the functional loss is small.53, se, 110, 112) HLowever, the loss may be considerable, if 
diaphragmatic fixation occurs high in the chest. 

A number of bronchospirometric studies have been recorded before and after thoraco 
plasty.2, 15, 61, 110,113,114 Jn general, the variations in extent of disease, number of ribs 
removed, number of stages, and contralateral disease or collapse have been so great that no 
definite conclusions were possible. We agree with Jacobaeus that function on the side of 
thoracoplasty may slowly improve over a period of as long as three years following the 
initial loss due to the operation, Both Pinner and associates®! and Bjorkman? have shown that 
thoracoplasty diminishes the function of both lungs to some extent. 

Some of the effects of lobectomy have been studied, but the number of cases was usually 
too small to warrant any comparison of surgical collapse with lobar resection.103, 110 Kay and 
associates studied twelve patients after lower lobe lobectomy and concluded that temporary 
phrenic interruption favorably influences the functional future of the remaining lobe.115 
Bronchospirometric examination prior to pneumonectomy is useful for estimation of probable 
loss of function due to resection.75, 110, 116,117 Differential residual volume determination has 
made it possible to observe the total lung capacity and resting volume of the remaining lung 
even before pneumonectomy. Conclusions can then be drawn concerning the effe¢ét of pneu 
monectomy on the remaining lung.?° 

Pulmonary decortieation, though primarily designed to obliterate infeeted space, stands 
apart from other surgical procedures in that it generally increases rather than decreases 
function. Results have been variable but it appears that lungs with little parenchymal 
involvement prior to collapse generally show a good return of function, This has been true 
after decortication for traumatic hemothorax and for unexpandable pneumothorax lungs. 
Massive parenchymal involvement preceding tuberculous or mixed empyema usually has pre- 
vented good return of function.96-100 Poudrage for the treatment of recurrent spontaneous 
pneumothorax has little effect on function, at least within the first year after operation.118 

Two other publications on bronchospirometry are related to surgery but not to function. 
Bjérk, Carlens and Crafoord have described the use of a bronchospirometrie tube for endo 
bronchial anesthesia during pulmonary resection for suppurative disease,43 and for open 
bronchus closure and resection of the carina and tracheal wall.44 They found that spreads 


could be avoided by supplying anesthetic gas to the good lung and by applying constant or 
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intermittent suction to the diseased lung. Cincotti and Watson45 and the author have applied 
this technique successfully. Differential functional analysis during thoracie surgical proce 


dures will be described in a subsequent paper of this series. 

Technique of bronchospirometry: Some papers which deal, in part, with the technique 
of bronchospirometry should be mentioned. Most of them have already been cited in another 
connection.1, 2, 25, 38-41, 47, 64, 81, 119-121 Bjérkman’s is the most exhaustive and Leiner and 
Liebler’s and Wright and Michelson’s are more recent and very helpful. References con 
cerning indications, contraindications and complications of bronchospirometry will be cited 


in connection with our own experiences. 4 


SUMMARY 
The literature on bronchospirometry was reviewed from 19534 to 19091, 


A number of bronchospirometric catheters and tubes were described and 


4 


their dimensions and special characteristics were compared. 
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I]. EXPERIMENTAL OBSERVATIONS AND THEORETICAL CONSIDERATIONS OF 
RESISTANCE BREATHING 
EpWARD A, GAENSLER, M.D., JAMES V. MaLoney, M.D., Boston, MAss., AND 
VikING ©. BsOrK, M.D... SWEDEN 


|* A previous communication the literature on bronchospirometry was_ re- 
viewed, and various catheters available for split funetion studies were de- 
seribed and compared.' Further reports concerning ¢linieal technieal 
aspeets of bronchospirometry are planned. During the course of 724 differ- 
ential functional examinations, we felt that resistance breathing was the single 
most Important factor in causing unphysiologie conditions during the procedure. 
The present study consists of an experimental and theoretical evaluation of 
resistance breathing and its relation to clinieal experience. 

Patients undergoing bronchospirometry are not under basal conditions. 
Discomfort due to the tube, apprehension, medication, topical anesthesia, ae- 
cumulation of secretions, and spirometer inertia plus resistance all contribute 
to alterations in the metabolie rate, cardiae output, and ventilation. Beeause 
of the unusual breathine conditions, patients commonly hyperventilate. Meta- 
bohe changes and hyperventilation can be minimized by careful instruetions 
to the patient, gentle technique of intubation, a quiet, orderly system in the 
operating room, the use of low resistance respiratory valves and well-balanced 
spirometers. Hlowever, even under these circumstances the establishment of a 
dependable physiologic base line is not possible. Therefore, in the interpretation 
of a single bronchospirometric study only the percentage of function of each 
lung relative to total funetion can be considered significant. 

A slight elevation of the metabolic rate and minute ventilation affect the 
lungs no more than slight exercise, and each lune contributes additional oxygen 
uptake and ventilation in the ratio of its functional eapacity... Two other 
factors, of greater importanee, provide an abnormal background for both lungs 
during bronchospirometry, and also have been suspected ot affecting one lung 
more than the other. The first factor is encountered in breathing a gas con- 
taining more oxygen than room air, which is necessitated by the teehnique of 
closed spirometry. This has been discussed and will be the subjeet of analysis 
in a future paper of this series.’ The second factor is ‘‘resistance breathing.” 
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Resistance breathing, as the term is used here, implies any abnormal reduction 
of the lumen of the airway. This has been repeatedly mentioned as one of the 
problems during bronehospirometry, though its specific effects have never been 
investigated, either from a clinical or experimental standpoint.t There is no 
doubt that resistance breathing was marked with the early flexible double lumen 
eatheters by Gebauer* and Zavod.’ It was chiefly this difficulty which led to 
the Wright,® Carlens,’ and Norris* modifications of these tubes. 

Several problems must be solved before the specific effects of resistance 
breathing during bronchospirometry can be fully evaluated: 


(A) Actual resistance of the several catheters to air flow at various speeds 
must be measured and these values compared with the resistance offered by the 
normal and abnormal airways of man. 

(B) The type of flow within the various tubes, whether laminar (stream- 
lined) or turbulent, must be determined. This would permit comparison be- 
tween the type of air flow within the tubes and that occurring in the human 
respiratory passages. 

(C) The effect of resistance breathing on the functional residual capacity 
must be examined. 

(D) The pneumotachogram curve, representing instantaneous air flow, 
should be reeorded of subjects breathing with and without the various tubes 
because this pattern is very sensitive to slight increases in resistance. 

(E) Clinieal experieneés with the various tubes should be compared with 
special reference to the relationship of the tube used and the quality of the 
tracing and incidence of dyspnea during the test. 

Vital capacity measured during bronchospirometry with the various 
tubes should be compared with values obtained during ordinary spirometry. 

Finally, bronchospirograms obtained from the same patients but with 
different catheters should be compared. 


{A) RESISTANCE TO AIR FLOW 


sure between the two ends. This may be done by raising the pressure at one 
end above atmospheric (blowing) or by lowering the pressure at one end below 
atmospheric (sucking). The gas then flows from the opening at higher pres- 
sure to the one at lower pressure and suffers a loss of pressure equal to the 
pressure difference between the two ends of the tube. This loss of pressure, or 
“pressure drop,” represents the energy expended in overcoming the friction 
created by the shearing forces of the molecular layers of the moving gas. 
Method.—A steady flow of compressed air (Fig. 1) was passed through a rotameter 
(4), graduated in liters per minute. This instrument measures the volumetric rate of flow, 
much like the crude steel ball rotameter used on oxygen gauges and anesthesia machines. 
From the rotameter the gas passed into a large flask (B), provided with two further open 
ings. The external orifice of the bronchospirometric catheter under investigation (D) was 
attached to one of these openings and an open-end water manometer (C) of the kind used 
in pneumothorax machines was attached to the other opening of the flask. The pressure in 
the flask, which was the pressure applied to the external end of the tube, was recorded by 
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the manometer. Since both the distal end of the catheter and the open end of the manometer 
were at atmospheric pressure, the manometer reading represented the ‘‘ pressure drop’’ of 
the air flowing at the rate indicated by the rotameter. The rate of flow was adjusted for a 
reading of 5 liters per minute and the pressure drop was recorded. The flow was then in- 
creased in steps of 5 liters up to 40 liters per minute, and pressures were noted for each 
reading, Thus it was possible to measure the loss of pressure, or energy, required to move 
air through the various bronchospirometric tubes. 

This technique was applied to each side of the two-lumen catheters. A different method 
was devised for the single-lumen Norris tube. Pressure drop was measured, as outlined, for 
the tube, which constitutes the airway for the left lung. To show the pressure drop at 


various rates of flow for the right lung, a trachea, together with vocal cords and surrounding 


tissue, Was removed from a cadaver of a young man, and the Norris tube was placed through 
the cords into the trachea to this specimen, The tube was occluded internally with a piece 


of rubber, and the air outlet from the flask was attached to the lower end of the trachea. 


Liters| = 
PER 
A MIN, 40 He0 C 
20°C | 30 
+ 30 
VOLUMETRIC 159 ro |; DROP, 
RATE OF FLOW, | Lio 4° 
' 
+10 B 5 
/ 
t. 
lead 
COMPRESSED AIR 
Fig. 1.—Schematiec diagram of apparatus used for determination of pressure drop, A p, 


at various flow rates, q. Compressed air passes from a rotameter (A) which records the rate 
of flow, into a large bottle (B) for uniform distribution of pressure. The pressure drop or 
resistance is read from the water manometer (CC) as the air passes out against the resistance 
of the catheter (D) to be tested. 


The pressure drop measured was essentially the one due to the orifice between the relaxed 
voeal cords, partially oecluded by the tube. To duplicate the most ideal conditions possible 
in the living, the experiment was repeated after a number of silk sutures had been placed 
through the glottis and pharynx and anchored to the edge of the cords. An even tension of 
500 Gm. was then applied to every suture to pull the cords apart as much as possible. Pres 
sure drop readings were then repeated. 

The rates of flow used in the experiment were chosen to duplicate those encountered 
in clinical bronchospirometry. Silverman and associates? have shown that the highest flow 
rates occur during inspiration and that the peak inspiratory velocity is about 3.5 times the 
minute ventilation. The total minute ventilation, during our experience with broncho 
spirometry, ranged from 4.2 to 14.5 liters per minute. The peak rates of flow encountered 
in one limb of the bronchospirometric catheter were then 13.9 to 47.9 liters per minute if 
one lung was responsible for all the ventilation and the other lung was funetionless, If both 
lungs participated equally the peak flow rates were 6.9 to 29.9 liters per minute. The 
experimental rates of flow which we have used, therefore, cover the range encountered during 


clinical bronchospirometry. 
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Results.—The pressure drop due to the flask and connecting tubing alone 
was established first. This was very small, ranging from zero at a flow rate 
of 5 liters per minute to 1.8 em. of water at 40 liters per minute. These control 
pressures were deducted from all subsequent readings. 

The pressure drop, A p, in em. of water for the large (or male) size of the 
various catheters at volumetric rates of flow, g, from zero to 40 liters per minute 
are shown in Fig. 2. The pressure drop, or resistance, of the left airway was 


ereater than that on the right in all of the two-lumen catheters to some extent 


BRONCHOSPIROMETRIC CATHETER RESISTANCE 


ZAVOD NORRIS 


| / right, 
| | | ‘ 


GEBAUER 


4D, PRESSURE DROP DUE TO FRICTION, CM. OF WATER 


| 
| left 
} right 
10 20 O 0 20 
Q,VOLUMETRIC RATE OF FLOW, LITERS / MINUTE 


(ALL CATHETERS LARGE SIZE, MALE) 


Fig. 2. Pressure-flow diagrams for the various bronchospirometric catheter under the experi- 
mental conditions described 
because the tube to the left lung is always longer. At a flow rate of 40 liters 


per minute it was 22 em. on the right and 41 em. on the left for the Zavod 
catheter, 28 and 43 em., respectively, for the Gebauer, and 5 to 7 em. for the 
Carlens tube. 

The resistance of the Norris catheter (airway to the left lung) was within 
the low range of the Carlens tube resistances. The resistance of the airway to 
the right lung with the yocal cords relaxed was 58 em. of water at 40 liters per 


minute flow, the largest pressure drop recorded. The resistance to flow to the 


] 
7 | 
/ 
4 
ri 
/ ds 
right cor: 
| apart 
4 
fe) 
| CARLENS | 
| | 
| | 
30 
| right | | | 
| 
| | 
| 
| | | 
| 
‘ 
: 


BRONCHOSPIROMETRY 939 


right lune was over three times that recorded for the left at all measured flow 
rates. Maximal retraction of the cords lowered resistance considerably. Even 
so, the pressure drop was more than twice the resistance on the left. 

Discussion—The shape of the pressure-flow curve, the differences between 
the resistance on the right and on the left, and the magnitude of the actual 
resistance require further comment. 

It is apparent from Fig. 2 that the relationship between the rate of flow 
and the resistance is not linear, except for flow from 5 to 30 liters per minute 
in the Carlens catheter, and from 5 to 20 liters for the left airway of the Norris 
tube. In engineering terminology, deviation from linearity means that the 
pressure drop does not represent the purely viscous resistance due to laminar 
flow alone, since during laminar flow the relationship between pressure drop 
and rate of flow is linear. The addition of a turbulent element is shown by 
the deviation of these curves from a straight line. From the practical standpoint 
of bronchospirometry, this means that even if the resistance of the two sides 
were the same for the same flow rates (which it is not), the lune ventilating a 
larger share of the total is more handicapped by the resistance factor than the 
diseased lung, since the increment of resistance, as the flow rate increases, is 
disproportionately greater than the increment of the rate of flow. This faetor 
imposes an unequal burden on the two lungs which is not in proportion, but 
rather in inverse proportion to their ratio of ventilatory funetion. The effect 
is neghgible with the Carlens catheter and at relatively slow rates of flow. It 
must be of considerable importance with use of the three other catheters, par- 
ticularly at the highest flow rates. 

Furthermore, the resistance of the two sides is not the same, even at the 
same rates of flow (Fig. 2). This causes a further handicap for the two lungs 
which is not in proportion to their relative ventilation. Again, for practieal 
purposes, this problem has been solved in the Carlens catheter. The difference 
is of considerable magnitude in the other two-lumen catheters, and may, under 
certain circumstances, be most severe with use of the Norris tube (Fie. 2). 

The experimentally determined range of the pressure gradients across the 
catheters can best be brought into its proper perspective by comparing it with 
that encountered in the normal and abnormal airways of man. When measured 
by the intermittent flow interruption technique, the pressure gradient or resist- 
ance, from mouth to alveoli in normal volunteers, ranged from 1 em. of water 
at a rate of flow of 30 liters per minute to 4.3 em. at 90 liters.!° '!  Proetor 
and associates reported an average resistance of 1.9 em. of water at a flow rate 
of 30 liters per minute in thirty-three determinations on normal individuals.!” 
Readines ranged from 1.5 to 3.8 em. In forty-seven patients with severe asthma 
and emphysema the same measurements were never greater than four times 
those observed in normal individuals. The highest resistanee, recorded at 30 
liters per minute, was 8 centimeters. The pressure drops quoted for the various 
catheters are therefore four to eighteen times greater than those oceurring in 
the normal human respiratory passages. They are at least equal to, and may 
be four times greater than, the gradients encountered in the airways of patients 


with severe asthma or emphysema. 
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(B) TYPE OF FLOW WITHIN BRONCHOSPIROMETRIC CATHETERS 

Some investigators have thought that the type of air flow encountered 
during bronchospirometry might be different from the kind of flow normally 
occurring in the respiratory passages... '° When movement of a fluid through 
a tube occurs as a telescopic sliding of adjacent concentric layers without trans- 
verse mixing, it is spoken of as streamlined or laminar. If erratic mixing of 
the concentric layers occurs, the flow is termed turbulent. If the kind of flow 
during bronchospirometry were different for the two lungs it would be of more 
than theoretical importance. When the flow becomes turbulent, the resistance 
sharply increases, since friction is no longer the result of intermolecular forces 
alone, but is augmented by the new internal shearing surfaces created by the 
eddying within the fluid. The point at which laminar flow becomes turbulent 
within the catheters can be determined from our experimental data or from 
theoretical considerations. 

Type of Flow from Experimental Data.—The relationships between pressure drop and 
various factors affecting it during laminar flow were determined by Hagen! and Poiseuille! 


and can be written in the general form 


Ap 
where A p is the pressure drop due to friction, w is the viscosity of the fluid, L the length 
of the tube, V the linear velocity, p the density of the fluid, and D the diameter of the 
tube. For the same tube and the same gas at the same temperature the equation can be 
written 


from which it is apparent that the relationship between pressure drop and velocity in 
laminar flow is linear. 

From inspection of Fig. 2 it is seen that the flow is not laminar at any of the examined 
flow rates in the Zavod and Gebauer tubes and that it is laminar only at low rates of flow 
in the Carlens tube and the single lumen of the Norris catheter, 


The pressure drop for turbulent flow is given by the Fanning equation." 
Ap is) 


where V, L, g, and D are the linear ve’ocity, length of tube, acceleration due to gravity, and 
tube diameter, as in equation (1), and f is a dimensionless friction factor, Again, as in the 


form (2), for the same tube and the same eas this can be written 


A p = K’ V’ (4) 


In actual practice the exponent of V equals 1.0 in laminar flow. In turbulent flow 
the exponent is usually written as 2, although from experimental data it equals approxi 
mately 1.8.17 The pressure drop and the velocity are here related in exponential or logarithmic 
fashion. 

In order to investigate further the relationship between rate of flow and pressure drop, 
the experimental data of Fig. 2 were plotted on logarithmic paper (Fig. 3). The nonlinear 
relationship of flow and pressure drop proved to be logarithmic. For determination of the 
exponent of V in the abbreviated Fanning equation (4), the slope of the lines of Fig. 3 were 


measured and the exponent was found to equal 1.82. Turbulent flow therefore existed 


LV p 
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throughout the entire range of flow rates investigated for the Zavod and Gebauer catheters 
and for the airway to the right lung with the Norris tube under the experimental conditions 
deseribed, 

Type of Flow from Theoretical Considerations.—To check the experimental findings it 
was thought desirable to calculate the rate of flow at which laminar flow would change to 


turbulent for each type of catheter, 
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Fig. 3.—The pressure-flow curves of Fig. 2 plotted with logarithmic coordinates. 


Reynolds18 showed that the tendency to turbulence increases with increasing flow velocity, 
increasing diameter of tube and increasing density of fluid, and that it decreases with in- 
creasing viscosity of the fluid. He expressed this relationship in the form 
VD p 


R, = (5) 
where R, is the dimensionless Reynolds number, and p is the density, V the linear velocity, 
I) the internal diameter of the tube and yw the viscosity as in previous equations, Since R, is 


dimensionless it does not matter what units are used as long as such units are consistent. 
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Reynolds also found that as long as R, remains below 2,000 the motion of the fluid is 
laminar, As R, increases above 2,000 a brief transitional type of flow is followed by 
turbulence when R, reaches 3,000, Knowing this, the eritical velocity (Veri:.), where laminar 
flow is lost, can be derived from equation (5) 

1) p 
For air at 20° ©, and 760 mm. Hg. pressure the viscosity, w, is 0.0001827 Gm,-see./em..2 and 


the density, p, is 0.001246 Gm./c.c.19 Therefore, 


2 O00 0.1466 


(7) 
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Fig. 4. Relationship of the type of flow to the tube diameter. d, and the rate of flow, 
q, for air at 20° C. and 760 mm. Hg. Laminar flow occurs ordinarily for Reynolds numbers, 
Re, of 2,000 or less, if the flow is steady and uniform 


For example, for the trachea, with an average internal diameter of 2.1 em., Verit, 18 about 
140 em. per second. The linear velocity, V, is equal to the volumetric rate of flow, q, 
divided by the cross-sectional area of the tube. With a tube of. internal diameter D, the 


cross-sectional area is pi D?/4 and 


In our example, q ¥.l° x 140 x 7/4 or 485 ©.c./see, Converting to minutes and 
liters the critical rate of flow for the trachea is 29 liters per minute, 
Fig. 4 shows the caleulation of the Reynolds number, R,, for tubes from 4 to 22 mm. 


diameter at volumetric rates of flow. q, from 5 to 40 liters per minute for air at 20° C, and 


760 mm. Hg. pressure. To find the critical rate of flow, (Gerit,) for any given tube, it is 
necessary only to follow the horizontal line for R, — 2,000, until it intersects the line for 


the desired tube diameter. 
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The ealeulated qe,.;,, for the 4 to 5 mm. tubes, the Zavod and the Gebauer catheters, 
as read from Fig. 4 is 5.1 liters per minute. Experimentally turbulence was encountered in 
these tubes at all flow rates above 5 liters (Fig. 3). The caleulated qe,;., for the 7 mm. 
Norris and Zavod tubes is 10.2 liters (Fig. 4). Experimentally all flow rates above 10 liters 
caused turbulence in the Norris tube, and rates above 20 liters did the same for the Carlens 
tube (Fig. 2). Considering the fact that the internal diameter of the bronchospirometri¢ 
tubes cannot be measured with any accuracy and that the diameter varies considerably in tubes 
made by the same manufacturer, the experimentally determined, and the calculated critical 
flow rates check very well. 

The present discussion applies to experimental resistance studies. During clinical 
bronchospirometry, resistance is probably somewhat higher and turbulence occurs earlier 
since the equations for calculation of pressure drop (1), and (3), as well as for the Reynolds 
number (5) are valid only when the flow of the gas is steady, and uniform, when the tube 
is straight and has an end orifice and a smooth lining. None of these conditions is satisfied 
during actual use of the catheter. The mean flow rate changes during the respiratory cycle 
from a peak of 25 to 50 liters per minute to flow in the opposite direction of nearly equal 
Magnitude, ten to twenty times each minute. The size and shape of the stream change 
constantly as the gas passes from the spirometer adapter into the catheter and from the 
catheter into the main-stem bronchi. Every one of these orifices creates turbulence, Even 


if the Reynolds number does fall below 2,000 at a given point, the orifice turbulence con 
tinues to disturb laminar flow for some distance beyond the obstruction.2° Finally, during 
use, the tubes are not straight, the Gebauer and Zavod tubes do not have end orifices on the 


right, and the interior of the Norris tube is not smooth. 

The same reasoning applies to a man breathing at rest without a bronchospirometric 
tube. Although the critical rate of flow of 29 liters per minute in the trachea may not be 
reached early in inspiration and expiration, this rate of flow is exceeded at the peak of 
every inspiratory and expiratory cycle. The turbulence created at that time is sufficient 
to disturb any tendency to laminar flow during the rest of the cycle. Furthermore, the 


narrow orifices 


f the nasal openings, the glottis and vocal cords, the many curves and 
angulations of the respiratory passages, and the relative roughness of their surfaces, all 
make the flow turbulent even during breathing at rest and without any catheter in place. 
From these studies it appears that the air flow is turbulent within all types of bronecho 
spirometric tubes and under all types of functional distribution. This is the same type of 
air flow encountered normally during quiet breathing in the upper respiratory passage, in 
the trachea, and in the major bronchi of man. These conclusions are in contradiction to 
presently accepted ideas concerning the type of air flow encountered in the tracheobronchial 


tree of man at rest.19, 12, 21 


Importance of the Tube Diameter.—The previously stated considerations emphasize the 
importance of the tube diameter. The significance of this single variable can be brought into 
proper perspective by substituting the volumetric rate of flow, q, for the linear velocity, V, 
in the equations for pressure drop (1) and (3), as was done previously for the Veric, 
calculation, Since the linear velocity, V, equals the volumetric rate of flow, q, divided by 
the cross-sectional area of the tube of diameter ID, Hagen-Poiseuille’s law (2) beeomes 


KK 
1): (Y) 
and Fanning ’s equation (4) becomes 
p 1) (10) 


These modified equations show that the pressure drop due to friction varies inversely as the 
fourth power of the diameter for laminar flow and as the fifth power of the diameter for 
turbulent flow. A very small diminution of the diameter therefore causes a relatively 


enormous increase in resistance to tlow. This is borne out by clinical experience. The rela- 


| 
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tively slight diminution in the diameter of the smallest respiratory passages due to the 
bronchial mucosal swelling and/or bronchospasm of asthma causes severe dyspnea and may be 
sufficient to cause death from yentilatory insufficiency. A small tumor impinging on, or 


protruding into, the trachea may not cause discomfort at rest, when maximal rates of flow 
are low, but may cause a severe limitation of exercise tolerance and of maximal ventilation. 


Fig. 5.—Spirograms of normal volunteers breathing alternatingly through large spirom- 
eter tubing and through various bronchospirometric catheters externally interposed in the 
breathing circuit. 

(C) THE EFFECT OF RESISTANCE BREATHING ON THE FUNCTIONAL 
RESIDUAL VOLUME 


Breathing with an added resistance has been shown to cause an increase 
in the functional residual volume* or an elevation of the pulmonary mid- 
position. This inerease has been demonstrated irrespective of the site of the 
added resistance which may be located in the terminal bronchioles as in’ bron- 


echial asthma,?® in the major bronchi or trachea, or which has been added ex- 
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ternally in the form of a tracheotomy tube,?’ a gas-mask filter,?* porous metal 
disks,2° or thin glass Whittenberger®® has admirably summarized the 
compensatory mechanism responsible for this elevation of the funetional re- 
sidual volume: ‘‘As Laennee originally suggested, the response of functional 
residual volume to added airway resistance probably results from the fact that 
expiration is primarily a passive act. When resistance is added, the inspira- 
tory museles respond immediately to the inereased work requirement by in-. 
creased streneth of contraction. If obstruetion is produced just prior to a 
normal expiration, the potential energy of elasticity in the lung distended to 
that volume will not be sufficient to expel a normal tidal volume through the 
increased resistanee in the time available before the next inspiration oecurs. 


| 


TTR 


Fig. 6.—Bronchospirogram of a normal volunteer breathing spontaneously and at various 
increased rates induced by electrophrenic stimulation. 


Since inspiratory volume is either normal or even greater than normal through 
a wide range of resistanees, the lung volume will be greater than before at the 
end of the next inspiration. Under greater stretch, the lunge has more energy 
available to expel the next tidal volume. Lung volume equilibration oceurs at 
a point where the added pressure drop (resistance) is counterbalanced by the 
increased potential energy of the lung at the end of inspiration.” 

The inereased work required for breathing against resistance has been 
shown to be accompanied by an increased oxygen requirement and by an in- 
creased eardiae output.2’ Resistance breathing must be in part responsible for 
the nonbasal values of cardiae output and oxygen uptake demonstrated during 


bronchospirometry. 
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Fig. 5 shows the spirographie tracings of a normal volunteer breathing, 
at times without significant resistance, and, at times, through an external re- 
sistance consisting of one or both lumina of various bronchospirometrice eathe- 
ters. Breathing through one, or simultaneously through both lumina of a 
Carlens tube, caused an elevation in the functional residual volume of only 
200 to 500 milliliters. Breathing through both lumina of the Gebauer catheter 
caused an elevation of about 1,400 ml. and breathing through only one of the 
lumina elevated the functional residual volume by about 1,900 milliliters. 


Screen only 


Carlens Catheter, both Lumina 


RATE OF FLOW, LITERS PER MINUTE 


Carlens Catheter, left Lumen 


Fig. 7.—Pneumotachograms of a normal volunteer breathing without external resistance. and 
through one of both lumina of a Carlens catheter externally interposed. 


This effect becomes more severe when an increase of respiratory rate causes 
a shortening of the time availab!e for passive expiration. This is illustrated by 
bronchospirograms obtained during evelical electrical stimulation of one phrenic 
nerve in man.** The first tracing of Fig. 6 suggests that the airway was ade- 
quate during spontaneous respiration. As electrical stimulation was started 
at the rate of 32 per minute, there was an initial elevation of the functional re- 
sidual volume which reached a new equilibrium after a short period. The next 
tracing shows electrical stimulation at the rate of 20, with no apparent eleva- 
tion. An increase in rate to 44 respirations per minute caused sustained ele- 
vation of about 500 ml. of the functional residual volume of each lung. There 
was a prompt return to the base line when electrical stimulations were dis- 
continued, 


(D) AIR FLOW PATTERNS AND RESISTANCE BREATHING 


Instantaneous respiratory velocities can best be visually observed by pneu- 


motachography as suggested by Fleisch.2* Unlike the spirometer, which records 
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volumes of air moved, the pneumotachogram records the flow velocity of the 
air stream reflected in linear fashion by the pressure drop developed as the 
patient breathes through a fine Monel sereen. In such a tracing the height 
of the curve at any given point indicates the rate of flow at that instant while 
the volume moved is expressed by the area underneath the curve. Inspirations 
are recorded below the zero line and expirations above it. The tracings of 
Figs. 7 and 8 were obtained with a pneumotachograph designed by Silverman.*° 
The first tracing of Fig. 7 shows the air flow pattern of a normal volunteer. 


JVM. 


Gebauer Catheter, both Lumina 


Gebauer Catheter, left Lumen 


RATE OF AIR FLOW, LITERS / MINUTE 


Fig. 8 Pneumotachograms of a normal volunteer breathing without external resistance, and 
through one or both lumina of a Gebauer catheter externally interposed. 
The middle tracing was obtained while breathing through an external resist- 
ance consisting of both lumina of a Carlens eatheter. There was a_ slight 
blunting of the peak flow rates with no alteration in shape of the curve. The 
hottom tracing, obtained while breathing only through the left lumen of this 
catheter, shows further blunting of the peaks and obliteration of the air impulses 
due to changes in volume of the great vessels and heart. The top tracing of 
Kig. 8 shows the unobstructed pneumotachogram of another volunteer. Breath- 
ing through both lumina of the Gebauer catheter caused a complete loss of the 
volume pulsations transmitted from the heart and great vessels and a blunting 
of the peak inspiratory flow rates from about 45 to about 28 liters per minute. 
Breathing through only one lumen of the Gebauer catheter was not well toler- 
ated by this subject and caused a sense of suffocation. The bottom tracing of 
Kig. & shows this pneumotachogram which is characteristic of severe resistance 
breathing.2* = Both the inspiratory and the expiratory patterns have changed 
from an almost triangular shape to a nearly rectangular one. This was due 
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to a greatly decreased maximal flow rate, a decrease in the time required for 
reaching maximal flow rate and an inerease in the total time required for an 
entire respiration. 


(E) STATISTICAL DATA ON CLINICAL EXPERIENCE WITH THE VARIOUS 
BRON CHOSPIROMETRIC CATHETERS 

The clinical observations during 724 bronchospirometries which are most 
closely related to resistance breathing are: the occurrence of dyspnea during 
the procedure, the quality of the tracings obtained, and the added broneho- 
spirometric vital capacities as compared to the vital capacity previously ob- 
tained by ordinary spirometry. 

We have always felt that dyspnea is not a contraindication to broncho- 
spirometry. A number of patients who had bronchospirometry were therefore 
somewhat short of breath even before the procedure. The data summarized in 


Table 1 refer to the patients’ report on dyspnea while the catheter was in place. 


TABLE I. DYSPNEA DURING BRONCHOSPIROMETRY 


NUMBER OF NUMBER PER CENT 

CATHETER PATIENTS DYSPNEI¢ DYSPNEIC 
Norris, with mouthpiece 20 6 80.0 
Zavod G7 7 10.4 
Gebauer, modified 548 10) 1.3 
Carlens 65 0 0.0 
Total 700 53 7.6 


Any marked increase in dyspnea could usually be reeognized without question- 
ing the patient. Of 700 patients in whom the catheter was successfully passed, 
23 or 7.6 per cent showed an increase in shortness of breath during broncho- 
spirometry. This never occurred with the Carlens tube and was encountered 
in about one-third of the patients with the Norris tube. The latter catheter 
invariably caused dyspnea when the right lung was responsible for a major 
share of funetion. In 67 bronchospirometries using the Zavod catheter, dyspnea 
was noted in 10.4 per cent of the studies and during 548 procedures with the 
modified Gebauer tube, dyspnea was noted in 7.3 per cent. 

Except in uncooperative or frightened patients the quality of the tracing 
gave an indication of how severely the patients’ respirations were disturbed 
by bronchospirometry. These data are related in Fig. 9. ‘‘ Exeellent,’’ ‘* good,” 
and ‘‘fair’’ captions refer chiefly to regularity of breathing, and stability of 
the base line. One or more of the three available data of oxygen uptake, venti- 
lation, and vital capacity could not be obtained when the tracing was ‘‘poor.’’ 
No useful data were available from the tracings represented by the black area 
in Fig. 9. By far the largest number of ‘‘excellent’’ tracings were obtained 
with the Carlens tube while 54 per cent of the tracings with the Zavod and 31 
per cent of the tracings with the Gebauer catheter were so classified. A eom- 
plete set of data could be obtained from all tracings with the Carlens catheter, 
89 per cent of the Gebauer tracings, and 90 per cent of the Zavod tracings. 
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One-fifth of the tracings obtained with the Norris single lumen tube was un- 
satisfactory. Satisfactory and complete data could be obtained from 90 per 
cent of all tracings. 

It has been stated that the vital capacities from the left and right lung 
obtained during bronchospirometry should add up to 90 per cent of the previ- 
ously obtained spirometrie vital capacity.“° Some use this percentage as a 
guide to proper placement of the catheter, and others regard the procedure as 
unsatisfactory if the added vital capacity is less than 75 per cent or more than 
115 per cent of the spirometric vital capacity.*! Carlens? performed ordinary 


Type of QUALITY OF TRACING 


Catheter 


NORRIS 
20 Tracings 


ZAVOD 
67 Tracings 


GEBAUER 
572 Tracings 


CARLENS 
65 Tracings 


PER CENT 
Excellent Good Fair @ Poor Mi No Data 


Fig. 9.—The quality of the bronchospirometric tracings as related to the use of various 
catheters. Classifications of “excellent,” “good,” and “fair’’ refer chiefly to regularity of 
breathing and stability of base line. One or two of the three obtainable data (oxygen uptake, 
ventilation, vital capacity) could not be read from “poor” tracings. The black areas indicate 
the percentage of tracings from which no useful data could be obtained. 


spirometry one-half hour after bronchospirometry, and in this fashion surely 
handicapped his patients during spirometry. By this method he reported that 
the bronchospirometrie vital capacity was 99 per cent of the total vital capacity 
with the use of his tube. We have had to compare the upright spirometrie vital 
capacity with the supine bronchospirometric determination, since supine spi- 
rometry was not performed in every instance. However, if it is assumed that 
the upright vital capacity is about 10 per cent higher than the supine one the 
data presented on Table Il can be corrected accordingly. The supine broncho- 
spirometrie vital capacity was 77 per cent of the upright vital capacity for the 
Zavod and modified Gebauer catheters. It was considerably better with the 
Carlens tube and poorer with the Norris tube (Table II). 
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TABLE II. SUPINE BRONCHOSPIROMETRIE Viran Capacity COMPARED ro UPRIGHT SPIROMETRIC 


VITAL CAPACITY 
NUMBER OF 


STUDIES 


CATHETER 


Norris, With mouthpiece 1s 07 
Zavod GO 
Gebauer, modified 509 
Carlens 65 SS 

65” 78 


Total » 

The bronchospirometric tracings of Fig. 10 were obtained in the same 
days, initially with the Gebauer, 
all three points mentioned: dypsnea, 


patients on consecutive and then with the 
Carlens eatheter. The tracings tlustrate 
quality of tracing, and vital capacity. Patient A was slightly dyspneie while 
doubt existed AS to the accuracy of the 


the Gebauer tube was in place, and some 
next day showed identical 


The data obtained with the Carlens tube the 
| left lungs in every respect, 


tracing. 

ratios for the right an¢ hut there was no dyspnea, 
the quality of the tracing had improved, and the vit 
Patient B who had a functionless lune 


ol the left lumen of the 


al capacity Was Now OG per 


cent of the spirometric vital capacity. 
on the right was unable to ventilate properly throu 
Gebauer tube, and the procedure had to be interrupted because of severe dysp 
nea and evanosis. No distress was noted 
arallel the data on resistance 


the next day with the Carlens tube. 
The clinical experiences P breathing obtained 


in the laboratory. 
CONCLUSIONS 


The Gebauer and Zavod flexible catheters presented a great advance over 
the Jacobaeus double-lumen bronchoscope. Many valuable data have been and 


will be collected with their help. Because of the 
small internal diameter, and because 


oredt individual variation of 


these catheters, because of their inherently 
iwement, the procedure 
results may be somewhat 


of difficulties with proper pli iy under certain 
stances present considerable operative problems and 
altered by aerodynamic inequalities, 

The Carlens catheter signifies a further advance In hronchospirometry. Be- 
of this technique hoth for 
physiopathologic problems, 


cause of the ever-increasing Use celinieal evaluation 


‘nvestigation of physiologic and 


of patients and tor 
entheter design will be made. 


it is hoped that further advances In 


SUMMARY 
at volumetric flow rates from ) to 4() liters per 
of the catheters (febauer, Zavod, 


reater than the resist- 


The resistances to air tlow 
minute were measured for both lumina 
They were four to erghteen times 2 


Norris, and Carlens. 
iratory passage and they were al 


ances encountered in the normal human res} 


least equal to, and at worst four times greater than, pressure eradients en- 
patients with severe bronehial asthma or 


to favor the right 


countered in airways ot pulmonary 


emphysema. Unequal resistance ot 
lune with the two lumen catheters, and the 


‘the two sides was shown 
left with the one-lumen tube. 
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The shape of the pressure-flow curves showed a logarithmic relationship 
between rate of flow and resistance. It was shown that this favors the lung 
with impaired ventilation during bronchospirometry. The shape of the curves 
further suggested that, in the experimental conditions described, turbulence of 
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Fig. 10.—Bronchospirograms of the same individuals obtained on consecutive days with 
the Gebauer and the Carlens catheters. Patient A noted slight dyspnea with the Gebauer tube. 
Patient B, who had a functionless right lung, was unable to maintain ventilation through the 
Gebauer tube. The procedure was interrupted because of a respiratory distress and cyanosis. 


flow oceurred at all flow rates above 5 liters per minute in the Zavod and 
Gebauer catheters and in the airway to the right lung with use of the Norris 
tube. At the highest flow rates turbulence was encountered in all tubes. 

The experimental results were supported by theoretical calculations. These 
ealeulations further suggested that turbulence prevails as well in the airways 


of normal men during quiet breathing at rest. 


e 
| “Ai AL Et 
: 
wae : 


GAENSLER, MALONEY, AND BJORK 


The importance of the internal diameter of the tubes is emphasized since 
the resistance varies inversely to the fifth power of the tube diameter if all 
other factors are kept constant. 

The functional residual volume during bronchospirometry was shown to 
increase 200 to 300 ml. with use of the Carlens catheter. Other catheters caused 
an elevation up to 1,900 ml. in normal volunteers. The relationship of this 
effect to the respiratory rate was demonstrated. 

Air flow patterns (pneumotachograms) were not significantly altered by 
the large diameter tubes. Patterns of severe resistance breathing were observed 
with other catheters. 

Clinieal experience during 724 bronchospirometries was related to the 
use of various catheters. Poor tracings were obtained in 20 per cent of twenty 
examinations with the Norris catheter, in 10 per cent of 67 procedures with 
the Zavod catheter, and in 11 per cent of 572 observations with the Gebauer cathe- 
ter. No poor tracings were obtained during bronchospirometry with the Carlens 
catheter. 

The average combined vital capacity during bronchospirometry was 67 per 
cent of the upright spirometrie vital capacity using the Norris tube, 77 per cent 
with use of the Gebauer and Zavod tubes, and 88 per cent of the spirometric 
value with use of the Carlens tube. 

Unusual subjective dyspnea was encountered during bronchospirometry in 
30 per cent of operations with the Norris tube, 10.4 per cent with Zavod cathe 
ter, and 7.3 per cent with the Gebauer tube. Dyspnea was never encountered 
with use of the Carlens tube. 
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LABORATORY METHODS 


A STANDARD ACTIVITY CURVE FOR ESTIMATION OF 
PROTHROMBIN USING THE ONE-STAGE METHOD 
JOHN Il. TILDEN, AND JAMES D. M.D. 
INDIANAPOLIS, IND. 


HE determination of ‘* prothrombin activity’? of human blood has been the 

subject of much investigation, and vet it appears that no method thus far 
is who ly satisfactory.!| This type of assay is an extremely complex reaction in- 
volving many factors.*° Chief among the problems, particularly in the one- 
stage method, is the development of a stable thromboplastin. This has been 
attempted by many, and a considerable measure of suecess has been achieved. 
2°14 Tn laboratories in which sufficient time is devoted to enable the exact 
duplication of proposed methods, the tests are done well enough for practical 
purposes. 

This report deals with a method of caleulation conceived by one of us 
(J. H.T.) which has now been in use in this laboratory for two vears and also 
in the clinical laboratories of the Indianapolis General Hospital with satisfactory 
results. During this period the usual method of estimating prothrombin activ- 
ity of dicoumarolized and other patients’ blood samples was applied using the 
ordinary or conventional activity curve. Each day the results were compared 
with those obtained by a new method of ealeulation. Quiek,!? in 1942, mentioned 
a method of calculation whieh is based on a somewhat similar reasoning. Our 
work, however, results from an observation that the ratio of activity when using 
a partially deteriorated and a fully aetive thromboplastin is essentially the same. 
In other words, a parallelism exists between curves produced with thrombo- 
plastins of different potencies. Practical application and demonstration of this 
fact is possible by simple conversion of the prothrombin coagulation times be- 
tween a normal undiluted and diluted plasma to represent *‘relative per cent 
change’’ between these two times. This figure is then applied to a standard eon- 
version curve to be deseribed. The formula may be expressed : 

Relative per cent change in prothrombin time (PT) in seconds equals 


eontrol PT in seconds » 


100 
patients PT in seeonds 


The thromboplastins from various sourees have exhibited more or less loss 
of poteney after preparation, and even more disturbing was the slight but im- 
portant variation of daily reconstituted dried commercial preparations'® which 
required frequent construction of curves. Most of the work undertaken in this 
laboratory has been done with preparations of human placenta. On numerous 
occasions, however, we have compared products commercially available as well 
as those made in this laboratory according to the methods of Hurn, Barker, 
and Magath."’ 

From the Lilly Laboratory for Clinical Research, Indianapolis General Hospital. 

Received for publication, Aug. 29, 1951. 


954 


pas, 
" 
ai 
| 


STANDARD ACTIVITY CURVE TO ESTIMATE PROTHROMBIN 955 


MATERIALS AND METHODS 


1. Thromboplastin.—Human placental thromboplastin was prepared by saline extraction 
of fresh perfused placentas and subsequent purification by precipitation (pH 5.0 to 5.5), 
absorption with magnesium hydroxide and freeze drying after adding 5 per cent lactose and 
1:10,000 Merthiolate (Thimerosal, Lilly). This material was divided into 2 ml. amounts 
and placed in 20 ml. bottles before drying. The bottles were stoppered immediately after 
drying in a room of low relative humidity, and were stored at 5° C. until used. The prep- 
aration was reconstituted with 2 ml. distilled water and allowed to remain at 5° C, for at 
least twelve hours before use. 

2. Deprothrombinized Pooled Plasma.8s—One hundred milligrams of powdered barium 
sulfate were added per milliliter of pooled plasma, mixed, incubated at 87° C. for ten 
minutes, and centrifuged at 2,200 r.p.m. for fifteen minutes, The clear supernatant plasma 
was tested with thromboplastin of maximum potency and calcium chloride solution to verify 
that the plasma had no prothrombin activity. This plasma then was used as a diluent for 
nermal plasma in the construction of activity curves. 

Preparation of all other solutions and plasmas and the technique of performing the 
test were carried out as deseribed by Quick in the one-stage procedure,!® with the exception 
of sodium oxalate, 1.34 per cent. This material was used in the usual proportions, exactly 
1 ml. being introduced into a sterile, dry 10 ml, syringe, into which 9 ml, of the patient’s 
blood was drawn by direct venipuncture. Partial mixture of the anticoagulant during collee- 
tion of the blood sample thus reduced the possibility of even small fibrin formations, the 
presence of which resulted in false high prothrombin assays. The anticoagulant was stored 
in J and 5 ml. sealed autoclaved ampules. In our hands sterility of this material was found 
necessary for satisfactory control measures after early experience with -unsterile sodium 
oxalate which oeeasionally resulted in false low prothrombin results. 

Procedure.—Plasma from several (four to six) presumably normal individuals was 
obtained and pooled. Tests were performed to determine the time (in seconds) required for 
the clot formation, using the undiluted plasma, as well as the clotting time of 1:2, 1:4, and 
1:8 dilutions, The dilutions were made with plasma treated with barium sulfate as deseribed 
above, It is assumed that the normal, pooled, undiluted plasma contained 100° per cent 
‘prothrombin activity,’’ and in the dilutions proportionate amounts. <A typical result is 


shown in Table I. 
TABLE I 


THEORETICAL PER CENT 


PLASMA DILUTION PROTHROMBIN ACTIVITY SECONDS 
Undiluted 100 
50 27.0 
1:4 25 38.5 
1:8 51 


Preparation of Conversion Graph.—The following calculations are made, in the case of 
each dilution of plasma, for the purpose of converting the speed of the reaction to per- 
centage reduction of prothrombin time between the normal clotting time and the elotting 
time of the diluted plasma. Undiluted plasma = 20 seconds, which is equivalent to 100 per 
cent theoretical prothrombin activity (TPA). 1:2 dilution of plasma (50 per cent TPA) = 
27.5 seconds, which is a 27.3 per cent relative change of prothrombin activity as compared to 
the normal, 1:4 dilution (25 per cent TPA) = 38.5 seconds, or 48.1 per cent relative change 
of prothrombin activity. 1:8 dilution (12.5 per cent TPA) = 51 seconds, or 60.8 per cent 
relative change of prothrombin activity. 

These percentages are obtained in each instance by dividing 20 (the number of seconds 
required for the prothrombin clotting time of the normal undiluted plasma) by the diluted 
normal plasma clotting time, in seconds, times 100, and subtracting from 100 per cent. It 
should be noted that this figure indicates ‘‘per cent change of activity’’ (reduction in 
speed of reaction) when 100 per cent (no reduction) represents the normal plasma clotting 
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time. Our curves are based on this particular type of calculation mainly for the sake of 


or 


simplicity, e.g., Fig. 1, the 50 per cent (1:2) dilution of normal plasma results in a 


per cent relative change of activity as compared to the normal, which could also be interpreted 
as a 37.5 per cent increase of prothrombin clotting time. Each figure applied to an appro 
priate conversion curve, however, results in 50 per cent prothrombin activity. 


The values 0, 27.3, 48.1, and 60.8, representing the relative changes of the reactions 
at the various dilutions (in per cent), are plotted graphically against the relative prothrombin 
concentration of the diluted normal plasma. The reaction values are plotted on the ab 


scissas against the per cent of prothrombin concentration on the ordinates. 
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Mig. 1. 


Following the construction of this curve (Fig. 1) for a given thromboplastin prepara 


tion, it is then only necessary to test two ‘‘normal’’ plasmas each day to determine the 


average time, in seconds, required for the thromboplastic preparation (even though it has 


lost some activity) to clot the undiluted normal plasma. Occasionally there was found to 


be more than a one-second difference between the two normals. In this event a third normal 


plasma was tested. The ‘‘unknown’’ plasma is similarly tested. These values are converted 

according to the foregoing formula, and the resulting figure is applied to the graph described 

in Fig. 1. Then, reading the corresponding point on the ordinate, the value of the unknown 
is determined as ‘‘per cent prothrombin activity.’’ 

Erample: 20 seconds. 

15 x 100) 56 


per cent relative change (or reduction) of prothrombin activity, which is equivalent to 18 


Normal control plasma prothrombin time (control PT) 


tient’s plasma prothrombin time (patient’s PT 15 seconds. 100 — (20 


per cent prothrombin activity. 
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Fig. 2 demonstrates clearly the close activity ratio of four conversion curves which 
were derived from an extremely wide variation of thromboplastic potencies using the same 
normal control plasma. Samples of thromboplastin were taken from the same original batch 
of material and allowed to deteriorate to different degrees after remaining at room tempera- 
ture for varying lengths of time. It can be seen from this that marked loss of thrombo- 
plastie potency when compared to the fully potent material will not appreciably affect the 
final determination of prothrombin activity of a given plasma regardless of which of the 
four curves are used. This verifies the validity of the formula. 

Table IL shows comparative results from dicoumarolized patients’ plasma obtained 
simultaneously using a fully potent and a partially deteriorated thromboplastin. 


100 
Normal Plasma Dilutions 100% 50% 25% 12.5% Curves 
TT Placental Thromboplastin (Sec.)  (Sec.) (Sec.) (Sec.) 
HH9-118 80 110 132 215 
70 HH9-118 55 70 91 130 C=—-— 7 
HH9-118 38 48 62 83 
ion HH9-118 25 33 44 65 Be=—=- 7 
60 
+ + L 
| e | | 
30 | it it it + 
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Four conversion curves derived simultaneously from serial dilutions of same pooled normal plasma using same lot preparation (HH9-118) of 
placental thromboplastin which was divided into four samples. Three of the samples were allowed to deteriorate at room temperature 
for two to nine days; the fourth sample (B) was kept refrigerated (5°C.) for control. 


Pie. 2. 


Fig. 3 shows the close relationship between our conversion curves derived from different 
ampules and batches of rabbit brain thromboplastin,* each of which had different potency 
on the same undiluted normal plasma. While the latter variation may be slight, it is obvious 
that use of the conventional type activity curve cannot be applied correctly for daily work 
unless an appropriate curve is used which coincides precisely with the normal plasma pro- 
thrombin time at the time of testing. One ‘*standard conversion curve,’? we have found, 
obviates this difficulty and corrects for such differences in thromboplastic potency from day 
to day. 


*Difco thromboplastin. 
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This method did not, of course, solve the problem of the normal control, which meant 
that the results from day to day were fully dependent upon obtaining normal control plasma. 
As a means of experimentally verifying the normaley of these daily control fresh plasmas 
secured from different and supposedly normal individuals, we felt a standard or artificial 


had 


frozen stored normal plasma for this purpose, we found the following to be satisfactory. 


control plasma would fulfill the requirements. Because we been unable to depend on 
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Sample of conversion curves derived from different batches of Difco thromboplastin and constructed at different times during a six-month 
period. Included also is conversion curve D, which was interpolated from the pamphlet included with thromboplastin from Difco Laboratories. 


Curve A Undiluted normal plasma—15.0 seconds 
Curve B Undiluted normal plasma—17.5 seconds 
Curve C Undiluted normal plasma—12.0 seconds 
Curve D Undiluted normal plasma—12.5 seconds 


(Interpolated from Difco Laboratories pamphlet. Control 403420) 


Fig. 3. 


Dried human plasma such as is used for plasma transfusions was reconstituted, 92 
1.0 


seconds with a fresh potent placental thromboplastin (normal plasma 26.5 seconds), 


mg. 


in ml, sterile distilled water. This plasma consistently clotted in forty-eight to fifty 


If, then, 
the potency of the thromboplastin decreased by as little as 2 seconds, it would be reflected 


in the reconstituted plasma by delayed clotting times of at least 8 to 10 seconds (from 48 to 


56 seconds) or considerably more. However, if the normal control fresh plasma produced 
clotting 2 or more seconds longer than the usual value (26.5 seconds) and reconstituted dried 


plasma was 48 to 50 seconds, we knew the fault was in the fresh control which was then 
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discarded. Simply then, a longer than 48 to 50 second prothrombin time with the reecon- 
stituted plasma meant that the thromboplastin was partially deteriorated. In addition the 
‘frelative per cent change of prothrombin time’’ of this material to a previously known 
normal, regardless of thromboplastic potency, was invariably between 45 to 47 per cent. 
Therefore, use of a dried human plasma with an unknown control that produced such a 
figure was evidence of the reasonable normaley of the control. (The entire dried plasma 
transfusion unit was transferred to a wide mouthed jar with a screw lid and stored at 5° C. 
continuously for over twelve months. In other hands the prothrombin time of such plasma 
may be quite different from our figures. The essential point, however, is we found this 
material to give consistent values when small samples were reconstituted daily. Because of 


this we were able to use it in the manner described. ) 
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CONVERSION CURVES 


Undiluted normal plasma—16 seconds 
....Undiluted normal plasma—17 seconds 


Curve A—Difco rabbit-brain thromboplastin 
Curve B—Maltine- thromboplastin... ...... 
Curve C—Placental thromboplastin (HH9-118).... . Undiluted normal plasma—25 seconds 


It should be emphasized that the foregoing was primarily an experimental procedure 
during the development of the new type curve. While useful, it was found unnecessary for 
routine work provided care was exercised in the selection of control plasmas presumed to be 
normal with respect to prothrombin. To obviate this two such normal plasmas were obtained 
each day and their average prothrombin clotting times used as the control figure, providing 
they coincided within one second of each other, 
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TABLE II 


PATIENTS’ PROTHROMBIN PATIENTS > PROTHROMBIN 


ACTIVITY VIA THE ** USUAL ACTIVITY VIA THE 
TYPE NORMAL’? CURVE USING NORMAL, **CONVERSION CURVE’’ USING NORM AT 
A FULLY POTENT PLACENTAL CONTROL A DETERIORATED PLACENTAL CONTROI 
PATIENT THROMBOPLASTIN PLASMA THROMBOPLASTIN PLASMA 
NO, (PER CENT ) (SECONDS ) (PER CENT ) (SECONDS ) 
1 42 25 16 55.5 
35 22 13 5 
13 26.5 14 37 
4 64 26 56 30.5 
5 16 2G 17 30.5 
6 34 26.5 4 36 
7 33 33 36 59.5 
8 4] 32.5 17 9 


DISCUSSION 


The combination of the standard conversion curve and the fresh normal 
plasmas afforded a means to quickly and simply test our dicoumarolized pa 
tients’ plasmas with considerably less chance of error than heretofore without 
the necessity of frequently constructing new curves of the conventional type. 

The problem of dilution of normal plasma with either BaSO, deprothrom- 
binized plasma or normal saline appears to be complex, and duplication of all 
such activity curves is not attainable. Conley and Morse!’ have shown these 
variations using different diluents, and our results are much in agreement. 

With placental preparations, when 0.85 per eent sodium chloride is used 
to dilute the normal plasma serially, the pattern of the curve between the 100 
per cent and 25 per cent dilution range is steeper than when BaSO, is the plasma 
diluent. When the latter is employed, prothrombin time below the 25 per cent 
dilution is longer than if the saline is used. However, this relationship is. re- 
versed when Difeo rabbit brain thromboplastin is employed. We believe that 
saline probably dilutes a// of the clotting factors in the normal plasma ineluding 
prothrombin, while barium sulfate actually adsorbs and removes prothrombin, 
and in our hands has been found quite satisfactory. Provided the loss of other 
coagulation factors by such procedure is not deleterious in the one-stage test, 
the latter might be considered the more specific diluent.!® 

Upon comparing our conversion curves constructed from different thrombo- 
plastins and the two types of normal plasma diluents, we find elose agreement 
between curves derived from: (1) Difeo (rabbit brain) thromboplastin, using 
saline as diluent; (2) Maltine thromboplastin,+ using BaSO, deprothrombinized 
plasma as diluent; and (3) placental thromboplastin, using BaSO, deprothrom- 
binized plasma as diluent. The usual type curves, whieh we experimentally 
ealculated to the conversion type curve, are shown in Fie 4. In addition, when 
the normal type curves of Conley and Morse’ were also recaleulated on the 
basis of the standard conversion curve, they were found to be strikingly similar 
to those we constructed in this laboratory. 

From the standpoint of the commercial thromboplastins we have had quite 
satisfactory results when using Difeo rabbit brain preparations for routine work. 


tSupplied in 50 mg. tablet form in sealed vials by the Maltine Company, Morris Plains, 
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This material has been reconstituted (2 to 4 ampules at one time) and used 
for as long as six weeks or more when stored at 5° ©., 0.85 per cent sodium 
chloride solution as diluent being used for curve construction. The slight loss 
of thromboplastie potency upon such storage was automatically corrected for by 
use of the standard conversion curve. While it may be desirable that a new 
conversion curve be prepared from each new lot of thromboplastin, sueh, in our 
hands, has been found unnecessary, provided no major change has been made 
in the preparation of the thromboplastin. We have been using the same standard 
conversion curve continuously for the past fourteen months. Indeed, there is 
no significant difference between more recently constructed conversion curves 
and those we prepared three years ago. 

It appears* '* 1°?" that the complexities of thromboplastins and plasmas, 
each with variable coagulation factors present in their make-up, together with 
various diluents and daily fluctuations of thromboplastic potency are among the 
more important and logical explanations for the differences in results obtained 
by use of the usual type activity curves and the present state of confusion be- 
tween some laboratories. There is no question that such curves derived under 
these diverse conditions will result in markedly different assays of prothrombin 
activity, It is to be hoped that a ‘‘standard conversion curve”’ may help to 
eliminate some of these difficulties and make available to the elinician prothrom- 
bin activity estimations that will be easily verified. 


SUMMARY 


By application of a standard conversion curve and fresh normal human 
plasmas, the use of rabbit brain, rabbit lung or human placental thromboplastin 
has been found satisfactory for routine prothrombin determinations even though 
the thromboplastin had deteriorated either slightly or to a marked degree. 

It is to be stressed, however, that am important requirement when using 
deteriorated thromboplastin with the standard conversion curve is the need 
of either a normal plasma (known by previous determinations) or two presumed 
normal plasmas. In order to allow a wide margin of safety with this method 
it is suevested that no thromboplastin be used that has deteriorated more than 
double its usual clotting time. 

We are grateful to Mrs. Jeanne Hawk, R.N., and Mrs. Betty Krueger, R.N., for 
technieal assistance in the colleetion of blood samples, and also gratefully acknowledge the 


valuable criticisms and suggestions of Dr. Clyde G, Culbertson, 
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AN IMPROVED EOSINOPHIL COUNTING SLIDE 


R. S: Spems, Pu.D. 
Bar Harpor, MAINE 


oe RECENT years there has been a tremendous increase in interest in the 
eosinophil cells of the blood. This has been particularly stimulated by elini- 
cal experiments in which these cells were incorporated into a test for adrenal 
cortical activity.:* Furthermore, in the adrenalectomized mouse, an eosino- 
penia over a three-hour period has been found to be a specific response to 
adrenal cortical hormones.*} 4 This response has been incorporated into a bio- 
assay for these hormones*® as well as for ACTH.’ These procedures necessi- 
tated accurate and rapid methods of determining the number of circulating 
eosinophils. Most of the initial studies with the assay were made using the 
blood film procedure in which total and differential counts were performed. 
Later direct chamber counts were made and found to be approximately ten 
times faster than the blood film procedure. Additional studies were also made 
to simplify and speed up the direct procedure, such as designing a special 
counting ¢hamber and improving the methods of recording data. The design 
of the counting chambers used is very important in order to perform eosinophil 
determinations rapidly with maximum accuracy. This report contains a deserip- 
tion of a counting slide which has been in use in our laboratories for over a 
vear, replacing the Fuchs-Rosenthal Slide which was formerly used. 
The following points were thought to be desirable on such a slide: 


1. There should be as many pairs of chambers as possible on each slide. 
This eliminates the continual changing from one slide to another which greatly 
slows up counting, and this also makes possible a counting procedure which 
reduces subjective error. It is customary to load and count two chambers from 
each pipette of blood taken. With the two-chambered slide, both chambers 
would be filled with blood from the same pipette. With a four-chambered slide, 
two different samples of blood would be on each slide, and the counter could 
be instructed to count one sample and then the other alternately. 

2. Each chamber should be as simple as possible. The design commonly 
used in most WBC chambers of subdividing each one square millimeter area 
into sixteen was satisfactory. However, it was greatly desired that the chamber 
he simplified so that only a single change in direction of motion was necessary 
during the counting of each chamber. It was felt that the ideal chamber for 
counting would have only two rows, since the more rows there are the greater 
the possibility of skipping rows and thus not counting the entire chamber. For 
example, the Fuchs-Rosenthal Chamber consists of four rows each with four 
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1 square millimeter ruled areas. This necessitates additional time to change 
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from one row to another, and increases the possibility of not counting all the 
rows, especially when large numbers of chambers are counted in a short period 
of time. 

3. Each chamber should consist of ten 1 square millimeter ruled areas. 
Inasmuch as the accuracy of the count is proportional to the square root of the 
number of cells counted, it was decided that in most cases one, two, or four 
chambers would be counted for each blood sample, depending upon the ae- 
curacy desired and the number of eosinophils in the blood sample. Tf the mum- 
her of 1 square millimeter areas counted was ten or units of ten, the multiplying 
factor to convert cells counted to cells per cubie millimeter of blood was usually 
a whole number. 

4. The depth of the chambers should be 0.2 mm. rather than 0.1 mm. The 
number of eosinophils in the blood is usually small, and the volume of the 
chamber should be as great as possible in order to include more cells. 

9. The chambers should be spaced on one side of the slide. This allows 
one side of the slide to be used for handling without necessitating great care 
to avoid touching the cover glass. This spacing of the chambers also helps to 
avoid aecidentally reversing the slide. 

6. An identification number should be placed on one side of each chamber. 
This helps the counter (1) to orient himself quickly on the chamber, (2) to keep 
the chambers in proper order of counting, and (3) to recognize if the slide had 
heen accidentally reversed. Inasmuch as the counts are usually made from lett 
to right, the number should be placed on the right-hand side of the chamber 
so it would appear on the left when viewed through the microscope. 

7. The outer edge of each chamber should be beveled approximately 7 de- 
erees. This bevel has been found to be an aid in ehareine the chamber, but it 
also acts as a reservoir to replace any fluid that might evaporate before the slide 
is counted, This movement of fluid oecurs at such a slow rate that the cells are 
not shifted from one part of the slide to the other. 

A manufacturer of hemocyvtometers was consulted and a counting chamber 
was designed with consideration for the practical problems of manufacturing as 
well as the above points. A dozen of these slides were made up and have been 
in use for approximately one year. The specifications of the slide are shown in 
Fig. 1. 

In practice, the following procedures have been used with these slides: 

One or more WBC pipettes are filled from each blood sample, mixed with 
diluent, and two chambers loaded from each pipette. 

A. When one person does all the counting, the first pipette is loaded into 
chambers 1 and 3. The second pipette is loaded into chambers 2 and 4. A 
tally counter is used and the reading recorded in a vertical column without 
turning the counter back to zero after each count. The count for the first 
chamber is recorded at the bottom of the vertical column, the second chamber 
is recorded above it, ete. After all four chambers have been counted, the dif- 
ference between each reading is determined and alternately placed on each side 
of the column. The two figures on one side of the column ean be added to ob- 


tain the total number of eosinophils counted from each pipette. 
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Example: Pipette A was loaded into chambers 1 and 3, and pipette B was 
loaded into chambers 2 and 4. 
Data: 


Chamber 4 65 
Chamber 3 54 1] 
Chamber 2 24 30 
Chamber 1 21 9 
Initial Reading 21 0) 

Total count A 15 B 20 


This svstem of counting has the advantage of reducing the subjective error 
involved when successive chambers loaded from the same pipette are counted. 
This is especially true when caleulation of the cells counted per chamber is not 
performed until after the counting has been completed. 

B. If two people are counting simultaneously, the chambers are handled 
in pairs and arranged in two rows. The first pipette is loaded into the first 
chamber of the first slide in each row. Simultaneous counts are then made. 

Exrample: Four pipettes of diluted blood are loaded into two counting 
slides, one chamber on each slide from each pipette. The data were recorded 


as tollows: 


COUNTER A COUNTER B 
DIE POTAL EOSINOPHILS 
TALLY FERENCI TALLY FERENCE PER 2 CHAMBERS 
Chamber 4 75 32 S0) 32 64 
Chamber 3 13 S tS 1] 19 
Chamber 2 3D 19 ei 23 42 
Chamber 1 16 16 14 14 30 
Initial tally reading () 0) 


The formula for caleulating the number of eosinophils per eubie milli- 


meter is: 


Number of eosinophils counted »« Dilution » 5 — ee 
Kosinophils per eubie millimeter 
Number of 1 square millimeter areas counted 


For simplicity, the multiplying factor in the following chart may be used: 


DILUTION 


CHAMBERS COUNTED 1/10 1/20 1/100 
10 50 
A D5 5 25 
4 12.5 


The 1:10 and 1:20 dilutions are made with a WBC pipette, while the 1:100 
solution is made with an RBC pipette. 

Determination of error: The cells are distributed in a Poisson fashion in 
the counting chamber. This means that the error of counting is proportional 
to the square root of the number of cells counted, and is not less than 1 times 
the square root of the number of cells counted.* |! However, in practice, with 
trained technicians an error of 1.2 times the square root of the number of cells 
counted has been obtained.* 
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The advice and technical assistance of J. E. Sullivan, L. E. Wragg, and K. Shaw 
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A SIMPLE METHOD FOR REPEATED CARDIAC OUTPUT 
DETERMINATION IN THE UNANESTHETIZED DOG 
USING AN INDWELLING CARDIAC CATHETER 
J. FRIEDEN, M.D., ANp A. Suarrer, M.D. 

CuHicaGco, IL. 


utilizing the Fick proceedure are generally acknowledged to be 
the most satisfactory for cardiac output determination. The major diffi- 
eulty in chronie experiments has been in obtaining mixed venous blood simul- 
taneously with the arterial samples and oxygen consumption data. 

Both ventricular puncture! and the London cannula? have been used for 
this purpose, but we believe that these techniques are arduous and make diffi- 
cult the maintenance of satisfactory basal conditions. It is probable that 
truly mixed venous blood is found only in the pulmonary artery, so that blood 
obtained elsewhere is of questionable significance.’ Furthermore, a basal state 
in the unanesthetized dog is necessary for obtaining comparable serial cardiae 
outputs. These conditions are satisfied in the teehnique deseribed below. 

Polyethylene tubing or ordinary cardiae catheters were kept in place and 


patent, with their tips in the pulmonary artery, for as long as desired. 


METHOD 


Before catheterization dogs should be made accustomed to the arterial needling and 
to the mask* used for oxvgen consumption, This is relatively simple when docile hounds 
are used. 


Under intravenous pentobarbital anesthesia, an incision is made in the neck over 


lving the external jugular vein. \ length of polvethvlene tubing (about size PE 280+ 
or cardiac catheter (about No, 7) is inserted into the vein and passed under fluoroscopi 
control into the main pulmonary artery.} Polvethvlene tubing has the advantage of a 
wide bore, but is more difficult to implant, being less flexible and not radiopaque. A metal 
plug at the tip, with the hole in the tubing just proximal, permits visualization of its 


passage. When in place, the catheter is filled with heparin and closed at its proximal 


end with a metal plug, or is bent double over a short distance and tied. The skin in 
cision is then closed. Strips of adhesive tape are wrapped around the catheter where it 
emerges, and these are sutured into the skin. Adhesive tape and Ace bandage are then 
applied, firmly but not tightly, around the neck in such a way that by lifting one or two 
folds, the proximal end of the catheter can be brought to the surtace, 

For obtaining the daily cardiac output, the mask is applied and a resting oxygen 
consumption obtained. The plug is drawn from the tubing, a tight-fitting needle inserted, 
and the catheter is cleared by drawing out the heparin solution. A Luer-lok syringe is 
then used and the pulmonary and femoral arterial samples are obtained simultaneously. 
The catheter is then flushed with saline, refilled with heparin and the stylus is reinserted. 

The animals should be maintained on penicillin (300,000 units intramuscularly) every 
other day. 


From the Cardiovascular Department, Medical Research Institute, Michael Reese Hospital, 
Chicago, Ill. 

This department is supported in part by the Michael Reese Research Foundation. 

Aided by a grant from the National Heart Institute (H 897). 

teceived for publication, Feb. 1, 1952. 

*For these experiments, a mask modelled after the Blalock mask* was used. 
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tIn placing the catheter fluoroscopically, care should be taken to leave no slack; other 
wise, after several days the catheter tends to travel to the lung periphery and “pulmonary 
venous capillary’’ blood is obtained, or the catheter becomes occluded by the wall of a small 
blood vessel. 
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OBSERVATIONS 

A representative normal dog provided the data shown in Table I. It may 

be seen that the figures vary from the average of 1.5 liters per minute by 10 

to 15 per cent. This is the physiological variation one would expect during 
chronie determinations, 


TABLE I. VARIATION IN CARDIAC OUTPUT OBTAINED ON A TRAINED DOG ON DIFFERENT DAYS” 


OUTPUT CARDIAC INDEX 
DATE OF OBSERVATION L./ MIN. L./MIN./M?2 
11-29-51 13 1.8 
11-30-51] 1.6 2.2 
12- 4-5] Ld 1.9 
12- 5-5] 1.8 
12-17-51 
12-18-51 2.3 
Lo £03 2.0 + 
Surface area obtained using nomogram based on formula S.A. 
10,000 


There was no evidence of ill health or infection among the animals used. 


There was no observed tendency tor blood to diffuse from the pulmonary 


artery into the eatheter between readings. If the catheter is flushed daily, 


or even every other day, it ean be kept patent for two to four weeks, or longer, 


as desired, 
At post-mortem, the sole lesions noted were occasional small mural thrombi 
in the right auricle. No valvular or pulmonary lesions have been found. 
SUMMARY 


A simple method is presented for obtaining serial eardiae output deter- 
Catheters were passed through a jugular vein into the 


minations in the doe. 
These were kept in situ and 


pulmonary artery, using fluoroscopic control, 
open for periods up to twenty-one days, permitting daily withdrawal of mixed 


venous samples from the main pulmonary artery. 


We are indebted to H. Saiki for technical assistance while developing this method. 


We are grateful to Dr. L, N. Katz for valuable suggestions. 
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USE OF ION EXCHANGE RESINS IN PARTIAL PURIFICATION AND 
CONCENTRATION OF POLIOMYELITIS VIRUS 


GERALD A. LoGripro, M.D.,* AND BERNARD BERGER, B.S. 


NEw York, N. Y. 


TECHNIQUE for the partial purification of the Lansing strain of polio- 

myelitis virus utilizing a strong base anion exchange resin (Amberlite 
XE-67) has been reported? The purpose of this communication is to describe 
a procedure in which the preliminary elimination of extraneous material with 
a combination of anion and cation exchange resins makes possible the coneen- 
tration as well as greater purification of the Lansing strain of poliomyelitis 
virus with Amberlite XE-67. In addition, a combination of ion exchange resins 
is introduced in the final procedure which circumvents the cumbersome process 
of dialysis. The advantages of the procedure are: (a) its capacity for handling 
large volumes of crude infected material in a relatively short period of time 
(three to four hours), and (b) its relative simplicity in that it can be conducted 
at room temperature without the use of a centrifuge. 


MATERIALS AND METHOD 


The Lansing strain of poliomyelitis virus from the nervous tissue of mice was used. 
A 10 per cent suspension of infected brains and cords in distilled water was stored at —26° C. 
for at least one week before use. More satisfactory adsorption of virus to Amberlite XE-67 
was obtained from frozen stored material than from freshly prepared tissue suspension, All 
assays for virus were made by intracerebral inoculation in 4- to 6-week-old mice (CFW Albino 
Agouti strain, Carworth Farms). Ten mice were used for each dilution tested. <A total of 
five ion exchange resinst were used in the procedure: Amberlite XE-67, a strong base anion 
exchanger, very finely powdered, used in the chloride form; Amberlite IRA-410, a strong 
base anion exchanger, bead size, used in the hydroxy form; Amberlite IR-120, a strong 
acid cation exchanger, bead size, used in the hydrogen form; Amberlite IR-4B, a weak base 
anion exchanger, bead size, used in the amino hydroxy form; and Amberlite IRC-50, a weak 
acid cation exchanger, bead size, used in the carboxylic form, The procedure is eonducted 


in three distinct steps. 


Step 1 involves preliminary removal of anions and cations from a 1 per cent CNS 
(uncentrifuged) tissue suspension of virus-infected material. One thousand milliliters of 
CNS tissue suspension in distilled water are passed through a monobed resin column prepared 
by making a one to one mixture of a strong base anion exchanger (Amberlite IRA-410) and 
a strong acid cation exchanger (Amberlite IR-120) which is placed in a glass column, Seven 
hundred fifty grams of this mixture is necessary for every liter of 1 per cent tissue suspension. 
The glass column is 4 inches in diameter and 5 feet long, fitted with a one-hole rubber stopper 
at one end in which is inserted a piece of glass tubing 3 to 4 mm, in diameter. Attached to 
this is a short piece of rubber tubing with a screw clamp to control the volume of flow. The 

From The Departments of Medicine and Pediatrics, New York University College of 
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resin bed is first washed with several volumes of distilled water and a water-head is allowed 
to remain. The 1 per cent virus tissue suspension is passed through the resin column as rapidly 
as possible. The column is then washed with sterile distilled water until the effluent becomes 
clear (approximately 3,000 ml.). These two effluents were kept separate to permit study 
of the effect of the resin mixture upon virus and the nitrogen content, but for practical 
purposes they can be combined. 

Step 2 consists of adsorbing the virus containing material to Amberlite XE-67, Five 
grams of Amberlite XE-67 are mixed with each effluent from Step 1, or 10 Gm. to the com- 
bined effluents. The resin-tissue-virus mixtures are shaken by hand in stoppered bottles 
for twenty minutes, and then passed through a Buchner funnel with Whatman No. 1] quanti- 
tative filter paper. The resin from both effluents is co'leeted on the same paper. As _ the 
extremely fine resin may pass through the filter paper during the initial phase of filtration 
the first filtrate is refiltered after a suitable resin bed has formed on the paper. The filtrate 
may or may not contain detectable virus. To be certain of obtaining all the virus, therefore, 
the filtrate is again treated with 2 Gm. of Amberlite XE-67, The sediment, consisting of 
resin-tissue-virus complex, is washed in a beaker with 40 ml. of 10 per cent disodium acid 
phosphate in distilled water for twenty minutes. This elutes the virus from the resin leaving 
the bulk of extraneous material on the resin. The virus-phosphate eluate is separated from 


the resin by filtration through the Buchner funnel. 


In Step 3 the excess disodium acid phosphate is removed from the virus-phosphate eluate. 
This can be accomplished either by dialysis against distilled water, or by the use of a monobed 
resin column, The resin column technique is simpler and less time consuming. A resin column 
that is satisfactory for this purpose consists of a 1 to 1 mixture of a weak cation exchanger 
(Amberlite IRC-50) and a weak anion exchanger (Amberlite IR-4B). One-half gram of 
resin mixture is used for each milliliter of virus-phosphate eluate. The resin mixture is 
placed in a 50 ml. burette and washed at a rapid rate with sterile distilled water until the 
effluent is clear. The virus-phosphate eluate is then passed rapidly through the resin column. 
The wetting volume of water in the column is measured, and an equal amount of the first 
effluent is discarded to prevent unnecessary dilution of the virus. If the effluent is amber 
in color, it is passed through the column a second time which renders it colorless. This 
effluent contains sufficient disodium acid phosphate to keep the virus in suspension (22 to 88 
gamma of phosphorus per milliliter). Resin columns which remove the disodium acid phos- 
phate completely from the eluate also remove the virus, The effluent is now ready for use. 
If it is to be used for intracerebral inoculation, it is tested in a few mice for possible irritant 
effects on the brain, perhaps from excess phosphate. If it is too irritating it can be passed 


through the resin again. 
No attempt was made to sterilize the resins, but otherwise the experiments were carried 
out under sterile conditions. A modification? of the Conway procedure’ was used for the 


determination of the total nitrogen content. 


RESULTS 


A total of five experiments were performed in which resins were used as 
described above to partially purify and concentrate the Lansing strain of 
poliomyelitis virus from the central nervous tissue of mice. The relative 
amounts of solutions and resins used in the several steps were varied in the 
first four experiments. Some degree of partial purification was achieved in 
each experiment, but in three the virus concentration was not increased more 
than fivefold and the virus vields did not exceed 12 per cent. The fourth 
experiment, however, in which the amount of resins and fluids were as described 
above in Methods, resulted in greater virus concentration and final yield. The 
fifth experiment represents an exact repetition of the fourth. The results of 
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the latter two experiments are shown in Table I. The initial and final volumes, 
the initial and final amounts of nitrogen per unit volume, and the initial and 
final virus titers (LD., log of dilution) are shown. From these data the volume 
reduction, the change of virus concentration, the specifie activity, and the virus 
vield were calculated. These two experiments resulted in tenfold increases in 
virus titer, and in forty-two and forty-seven fold inereases in specific activity. 
The virus vields were 20 and 40 per cent, respectively. 

The final nitrogen values in all five experiments did not exeeed more than 
0.34 to 1.0 per cent of the original total nitrogenous material. 


DISCUSSION 


The procedure deseribed here is an improvement in several ways over the 
method previously described for the partial purification of poliomyelitis virus 
by means of a resin.’ With the present procedure a tenfold increase in virus 
titer is obtained in contrast to a tenfold decrease in the previous procedure, 
a 20 to 40 per cent virus yield is obtained instead of only 5 per cent, while the 
amount of nitrogen associated with the final virus suspension represents only 
0.3 to 1 per cent of the original total nitrogenous material in contrast to the 


1.5 to 3.5 per cent obtained in the previous procedure. 


SUMMARY 
A new procedure is deseribed in which the Lansing strain of poliomyelitis 
virus from the central nervous tissue of mice can be partially purified and 
concentrated solely with the use of ion exchange resins. This proceedure has 
the advantages of being applicable to large volumes of crude material and of 
requiring only three to four hours and a minimum of apparatus. 
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A SIMPLE METHOD FOR TITLE DETERMINATION OF 
TETRAETHYLTHIURAMDISULFIDE (ANTABUS) AND BLOOD 
LEVELS OBTAINED EXPERIMENTALLY IN| ANIMALS AND 
CLINICALLY IN MAN 
J. Divaria, CHarurs Hine, M.D., Pu.D., 
Tromas N. M.D.** 
San FRANCISCO, CALIF. 


INTRODUCTION 


phase is one of several chemical substances possessing the property of 


sensitizing biological organisms to the metabolic products of alcohol. 
Following the observations of Hald and associates! that subjeets who had pre- 
viously ingested the drug showed a variety of physiological disturbances upon 
the ingestion of ethanol, the compound was introduced as a possible adjunct in 
the revulsion treatment of chronie alcoholism. Sinee Antabus has been reported 
not to be excreted to any significant extent in either the urine or feces, and since 
in clinical trials it is ingested daily in quantities of one-half to one gram, there 
exists the possibility of an accumulation of Antabus or its metabohe produets in 
hody tissues. Early in our experimental studies with this agent it beeame 
apparent that it would be desirable to have a method for determining whether 
patients were receiving adequate blood levels of the drug, and whether ac- 
cumulation of Antabus did oceur as measured by its appearance in the blood 
stream. The following report will discuss the method devised in this laboratory 
for the determination of Antabus, the levels of the blood which have been found 
to oceur in patients undergoing ehronie therapy, and the blood levels found in 
experimental animals which have received a range of doses of the compound. 


METHODS AND MATERIALS 


Antabus is a thiuramdisulfide with the following structure: 


This molecule contains two double-bond sulfur atoms in near juxtaposition, and consequently 


possesses considerable resonance, Therefore, it might be expected to present a well-defined 
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absorption spectrum in the neai ultraviolet region. A linear relationship was found to exist 
between the concentration of Antabus in a number of solvents and the optical density when 
measured at 285 mu. 

Hine and Divatia2 previously reported that it is not possible to extract Antabus 
quantitatively from fresh whole blood or plasma. However, Antabus added to fresh blood 
or plasma can be quantitatively extracted upon the addition of cupric ions. Cuprie¢ ions 
form a pale yellow-colored complex with Antabus which is soluble in ethylene dichloride. 
The formation of this copper complex with thiuramdisulfide had previously been reported 
by Buchan and Rae.’ Thiuramdisulfide has been used for some time in spot testing of 
copper where the characteristic yellow color can be seen in the visual spectrum, Recently 
Ovenston and Parkers have reported on an ultraviolet absorption technique for the deter- 
mination of copper using diethyl dithiocarbamate as the characterizing agent. Extraction 
of the copper-Antabus complex with ethylene dichloride and the subsequent measurement 
of the optical density of this complex at wave length 270 my is the basis for the following 
method, 

Factors Influencing the Extraction of Antabus From Blood.—During the preliminary 
investigation of procedures which could be utilized in the extraction of Antabus from the 
blood, it was observed that relatively greater concentrations of Antabus could be extracted 


from older blood than from freshly drawn beef blood. A  time-recovery experiment was 


carried out in which the same concentration of Antabus, 10 ug per milliliter, was added to 
beef blood and plasma. Antabus was added to different aliquots of a refrigerated, unpre 
served sample of beef blood and plasma on alternate days for a period of twenty-nine days, 
and recovery was attempted from the whole blood, from freshly centrifuged plasma, and 
from the previously separated plasma. The optimum recovery was reached at the end of 
the seventeenth day when SS per cent of the added Antabus could be recovered from the 
whole blood and 97 per cent from the plasma, Following this there was again a progressively 


decreasing recovery of the added Antabus (Table L). 


TABLE I. PERCENTAGE RECOVERY OF ANTABUS WITH INCREASING AGE OF BLOOD AND PLASMA 


FLUID 
FRESHLY 
DAY OF CENTRIFUGED 
EXPERIMENT BLOOD PLASMA OLD PLASMA 

] $3 50 
3 
5 55 
9 $3 SO 
11 50 50 85 
3 66 63 SY 
LS 78 79 93 
Ly SS 82 97 
2] 78 +4 SS 
4] 83 
YY 16 95 63 


Since it was felt that perhaps enzymatic destruction of the Antabus was taking 
place in the fresh blood, the influence of three general enzyme inhibitors was evaluated. 
Fluoride (0.2M), cvanide (0.1M), and silver nitrate (0.001M) were added to whole blood 
prior to the addition of Antabus. Antabus was added at varying times up to twenty-four 
hours after the addition of the enzyme inhibitors without influencing the percentage of 
recovery, The heating of whole blood, diluted equally with normal saline, at a temperature 
cf 60° C. for fifteen minutes prior to the addition of Antabus did not increase recovery 
of this agent. 

Attempted Chelation.—Since some disulfur compounds are known to form chelates 


with metallic ions, the effeet of seven metallic ions on the chelation of Antabus was _ in- 
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vestigated. The substances which were added in 0.05M concentrations of the ions were the 
following: Co++, Co+++, Cu+, Cut+, Fet++, Fett, Mni+, Mgi+, Nit+, Ni+t++. None of these 
ions affected the absorption curve of Antabus with the exception of cupric copper. Following 
the addition of the cupric ion, there was a change in the general pattern of the absorption 
curve of the Antabus complex in ethylene dichloride, with a shift of the maximum points 
of absorption from the plateau commencing at 250 and extending to give a sharp peak at 
(Pig. 1). 

Following the observation that copper changed the absorption spectra of Antabus, 


a number of copper concentrations were tested, ranging from 0.001M to 0.1M final con 


centration. The maximum optical density of the copper-Antabus complex was obtained 
at a final copper concentration of 0.05M. However, it was found that this concentration 
when added to blood caused a precipitation of protein, and the final working concentration 
was chosen at 0.001 molar. 

Extraction Time.—While the copper Antabus complex eould readils be extracted from 


found that thirty minutes of shaking with ethylene 


aqueous solutions in five minutes, it was 
dichloride was the shortest time in which quantitative extractions of the copper-Antabus 


complex could be made from whole blood. 

Effect of pH. The effect of three buffers, pH 5.3, pH 7.4, and pl 9.3, was tested 
on the recovery of Antabus. It was found that the recovery Was approximately similar at 
all the three hydrogen ion concentrations. Beeause of the interfering effect of the dithio 
carbamic acid which was discovered later, the pH 7.4 buffer was routinely used. 

Description of the Procedure Finally Adopted for the Quantitative Determination of 
Antabus.—To one milliliter of whole blood o1 plasma im an all-glass extraction tube 1s added 


one milliliter of 0.002M_> copper sulfate solution, one milliliter of phosphate buffer, and 10 


milliliters of redistilled ethylene dichloride. The tubes are shaken for a period of thirty 


minutes, centrifuged, and the upper aqueous laver removed with suction, An aliquot of 


the ethylene dichloride layer is transferred to a one-centimeter silica ‘ell and the optical 
density determined on a Beckman DU spectrophotometer at wave lengths of 260 to 320 mg. 


In the presence of Antabus the characteristic absorption curve of the copper Antabus complex 


will be seen at a characteristic peak of 270 millimierons (Fig. | 
The difference in the optical density reading at 270 and 320 my 1s taken as a criterion 
of the concentration of Antabus in the sample. By utilizing the differences in optical density 


at the two wave lengths rather than the reading at 270 my alone, the small blank due 


to the interfering substances sometimes present in blood or plasma 1s eliminated, The con 


centration-optieal density curve for the copper-Antabus complex is linear over a range ot 
5 to 200 we per milliliter of Antabus. By this method recovery of Antabus added to whole 
blood or plasma averaged 100 +5 per cent over a wide range of Antabus concentrations. 

Distribution of Antabus Between Red Blood Cells and Plasma. It was of some interest 


to determine whether the Antabus in the blood would be carried predominantly in the 


red blood cells or in the plasma, In order to investigate this point, Antabus in a con 


milliliter was added to whole blood and shaken for a period of 


centration of 100 wg per 
An aliquot of the blood sample was 


» obtain adequate distribution. 
made on whole blood and on plasma. It was 


ten minutes in order t 
then centrifuged, and determinations were 
found that, following the in vitro addition of Antabus, there was 
blood cells. This experiment was repeated by ad 


Blood 


and the whole blood and plasma analyzed, 


a nearly equal distribu 


tion between the plasma and the red 
ministering Antabus in a dose of one gram per kilogram to each of three rabbits. 
specimens were collected after thirty minutes 
As in the in vitro experiment equal distribution of the Antabus between the red blood 
cells and the plasma was observed, Because only small blood samples were obtained from 
the patients, it was our custom to make determinations on whole blood. 


Interfering Substances.—Ethylene dichloride extracts of fresh normal human blood in 


the presence of 0.002M copper sulfate give only a very small absorption in the wave length 
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region of 270 to 820 mu. Therefore, there are apparently no interfering substances nor- 
mally present in human blood. However, some difficulty may be experienced if either heparin 
or sodium fluoride are used as anticlotting agents. Heparin, even in very low concentrations, 
has an absorption spectrum with a characteristie peak at 272 millimicrons. This peak may 
be mistaken for copper-Antabus complex. It will also be observed that sodium fluoride will 
in the presence of copper give an absorption in this wave length which is somewhat above 
that of the normal background, and for that reason we have found that sodium oxalate is 


the most useful anticoagulant. 


OPTICAL DENSITY 


-000 


Fig. 1.--The absorption curve of Antabus and an Antabus-copper complex in ethylene dichloride. 
(> Antabus; @—@—@ Antabus-copper complex. 


If the Antabus molecule is split at the sulfur-sulfur linkage, one obtains two molecules 
of the diethyl dithioearbamic acid. Due to the possibility that such a cleavage might take 


place in vivo with the formation of the diethyl dithiocarbamie acid, it was necessary to 


determine whether or not this substance would interfere in the determination and whether 


or not it was present in the blood of patients and experimental animals. The absorption 


: 
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curve of the acid derivatives was, therefore, measured in ethylene dichloride in the pres- 
ence of cupric ions, and it was found that the two curves, copper-Antabus complex and 
copper diethyl dithiocarbamate, were nearly similar and equal at equimolar concentrations. 
It was discovered, however, that the cupric salt of the acid was only partially extracted 
at pH’s above 7, and a differentiation could be made between the compounds by extract 
ing at the higher pH. Solutions of Antabus and the sodium salt of diethyl dithioearbamic 
acid were made up in concentrations of 100 wg per milliliter and were extracted by the 
copper technique at three different buffers. There was a 50 per cent decrease in the 
optical density reading obtained with the acid derivative following an increase in pH, 
while the optical density of the Antabus was found to remain almost constant. Therefore, 
by extracting at both alkaline and acid pH’s it was possible to establish the presence of 
the acid derivative. Blood obtained from patients and from rabbits having received high 
doses of Antabus when examined by this technique showed a constant optical density 
reading at all three pH’s; and it can, therefore, be assumed that the diethyl dithioearbamic 
acid is not present in the blood as a metabolic product of Antabus and will not be mis 
taken for this latter compound. 

Several other compounds of therapeutic interest exhibiting absorption spectra in 
this wave length might conceivably interfere with the quantitative determination of 
Antabus, The thiobarbiturates, some of the sulfa derivatives, and salicylates give absorp 
tion in this region of the spectrum, If these compounds are suspected to be present, it 
would be advisable to eliminate their interference by extracting at the pH 0.3 where the 
Antabus will be extracted from the aqueous medium, but the other compounds will remain 
in solution. 

EXPERIMENTAL 

Blood Levels of Antabus in Rabbits.—The rate of disappearance of Antabus 
from the blood of rabbits receiving the compound intragastrieally and the 
relationship between the dosage and the blood levels obtained were studied in 
ihe following experiments. 

Six male rabbits weighing 3 + 0.2 ke. were divided into three groups of two 
each and were administered Antabus in doses of 0.75, 0.50, and 0.25 Gm. per 
kilogram. Five milliliters of blood were withdrawn by cardiae puncture at 
varying time intervals (Table I1) and the blood levels determined by the copper 
ethylene dichloride extraction technique, deseribed earlier. At each dose level, 
the highest blood concentration was obtained at the 30-minute interval, and in 
no ease was Antabus detectable after one hundred and twenty minutes. 

A further study of the relationship between dosage and blood level obtained 
after a single administration of Antabus was obtained in the following experi- 
ment. 

Three groups of three rabbits each were given Antabus in amounts of 1.0, 
0.25, and 0.10 Gm. per kilogram intragastrically. The blood levels were deter- 
mined after thirty minutes (Table III]). It is of interest that no detectable 
quantity of Antabus could be found in the blood of the group which received 
0.10 Gm. per kilogram, 

A third experiment was carried out with four rabbits, each of whieh re- 
ceived a dose of 0.5 Gm. of Antabus per kilogram daily for seven days. The blood 
level was determined daily, thirty minutes after administration of the drug, and 
on the last day one hour prior to taking the blood specimens. The results of this 
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experiment appear in Table IV. It will be noted that only in the ease of rabbit 
No. 1 was there any indication of a slight increase of Antabus in the blood 
following the repeated administrations. This increase probably should be 
interpreted as indicating an accumulation of Antabus in the blood, since there 
was no appreciable quantity of Antabus detectable in the blood of the animals 
prior to the administration of the last dosage. 


TABLE II. MEAN BLoop LEVELS (MICROGRAMS/MILLILITER OF ANTABUS IN RABBITS AT 
VARYING INTERVALS AFTER THE SINGLE ADMINISTRATIONS 


TIME (IN MINUTES ) DOSAGE OF ANTABUS ADMINISTERED INTRAGASTRICALLY 


AFTER ADMINISTRATION 0.75 GM./KG. 0.50 GM./KG. 0.25 GM./KG. 
30 10.2 De 4.1 
60 4.4 1.0 
120 0 0 0 
140 0 0 


TABLE III. RELATIONSHIP BETWEEN THE DOSAGE AND BLOOD LEVELS OF ANTABUS IN RABBITS 
THIRTY MINUTES AFTER A SINGLE ADMINISTRATION 


DOSE OF ANTABUS (GM./KG. BLOOD LEVELS (V./ML.) OBSERVED 30 MINUTES 
ADMINISTERED INTRAGASTRICALLY AFTER ADMINISTRATION OF ANTABUS 
1.0 
0.25 
0.10 0 
TABLE IV. THE EFFECT OF PROLONGED ADMINISTRATION OF ANTABUS ON BLOOD LEVELS IN 


RABBITS GIVEN A DOSE oF 0.5 GM./Ka@. DAILY FOR 7 DAYS 


| BLOOD LEVEL IN| MICROGRAMS PER MILLILITER 
NO. OF DOSES RABBIT | rABBIT 2 RABBIT 6 RABBIT 4 


2 12 he 1] 12 
3 15 15 12 12 
4 15 17 10 1] 
5 16 15 10 10 
6 17 15 12 12 
7 16 15 is 13 


The In Vitro Disappearance of Antabus from Fresh Human Blood.—We 
thought it of some importance to determine the stability of Antabus in fresh 
human blood, inasmuch as the time between the drawing of the sample and 
the determination might be of importance. Therefore, an experiment was ¢on- 
ducted in which Antabus was added to fresh oxalated human blood in a con- 
centration of 100 ye per milliliter. The blood was incubated at 87° C., and 
serial determinations were made on the blood specimen over a period of seventy- 
two hours. There was no appreciable change in the Antabus concentration of 
the blood up to forty-eight hours. After sixty hours, the concentration had 
decreased to 75 per cent, and at the end of seventy-two hours only 58 per cent 
of the original Antabus was present. 

Antabus Blood Level in Patients Undergoing Antabus Therapy.—Antabus 


blood levels were determined on a series of twenty patients who had been re- 
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TABLE V. Boop LEVELS OF ANTABUS OBTAINED IN PATIENTS UNDERGOING CHRONIC THERAPY’ 


DAILY DOSE TIME UNDER THERAPY ANTABUS BLOOD LEVEI 
PATIENT (GM,) (WEEKS MG. PER CENT 
B. B. 0.25 26 0.2 
B. J. 0.50 0.6 
0.79 6 0.5 
C. 0.50 25 (irregular 0.15 
(irregular 0.0 
Cae | 0.50 12 0.2 
16 0.5 
W. 0,25 12 
G. H. 10 
14 0.5 
oe 0.25 1] 0.15 
0.50 28 (off therapy 0.0 
weeks 
0.25 21 irregular 0.6 
0.50 0.45 
M. I 0.25 6 0.3 
7 0.9 
s 
M. L. 0.5 34 0.0 
M. R. 0.50 () 0.2 
N A. 0.5 6 () 
4 
05 26 04 
E: 1.0 0.0 
OD 5 O.0) 
S.G 0.50 
0.50 5 0.4 
0.25 | 0.2 
0.50 ().4 
Ss. V. 0.5 5 0.0 
1.0 7 0.0 
W. J. 0.5 2 0.4 
*Patients under the supervision of Dr A. Simon and Dr. kk. A. Macklin 


ceiving Antabus in varying doses for a period of from three to thirty-four 
weeks. The patients deseribed in this studs belonged to the outpatient eroup 
which reported into the Langley Porter Clinic for physical, psvehiatrie, and 
‘aboratory examinations at assigned intervals during the 1950. Tn all 
instanees, the maintenance dose was taken by mouth from two to four hours 
prior to drawing of the blood sample. Thirteen of the twenty patients had 
detectable levels of Antabus in their blood at some time during the examina- 
tion. The number of determinations on the patients varied from one to four 
during this course of therapy. In eight of the patients more than one determina- 
tion was performed. The highest blood level, 0.9 milligrams per cent, was 
obtained in patient M. E., who had been on the lowest dose administered, 0.25 
Gm., for only eight weeks. The mean blood level of patients at the twenty-sixth 
week was 0.39 milligrams per cent. There was no apparent correlation between 
the quantity of the drug taken and the blood levels of Antabus obtained when 
patients were compared with other patients on different dose levels or with 
themselves. In no case was there any indication of the occurrence of an ac- 
cumulation of Antabus in the tissues of the patients as reflected by blood 
analysis. None of the patients on this regime showed any indication of toxicity 
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during the course of Antabus therapy other than mild complaints such as 
gastroenteric upsets, mild fatigue, increased weakness, and a general haziness 


and depression when first receiving the agent (Table V). 


DISCUSSION 

From the data obtained experimentally in animals and following blood 
analysis on patients receiving Antabus therapy, it is evident that Antabus is 
metabolized rather rapidly in the mammalian body, and that the opportunity 
for intoxication due to accumulation of Antabus per se in the tissues is rather 
remote. While the experiments of Hald and co-workers! indicated that a eood 
portion of Antabus is not absorbed from the rabbit intestine even when given in 
large amounts, it has been our experience that the compound is absorbed through 
the gastrointestinal tract with a fair degree of rapidity, since peak concentra- 
tions of the drug following intragastrie administration were reached within a 
period of thirty minutes. Unfortunately, the urinary exeretion could not be 
studied in ‘uese experiments because of the inability to eliminate completely 
the blank from rabbit and human urine that interferes with the determination ; 
therefore, the route of exeretion is not clearly established. However, when an 
ethylene dichloride extract is made of urine which contains added copper and 
phosphate buffer, the characteristic vellow color will appear in the extract when 
the Antabus concentration is as little as 100 ve per milliliter. We have ex- 
amined the urine of ten patients who have been on chronie Antabus therapy 
and have failed to deteet the presence of any measurable amount of Antabus. 
If a patient receiving 0.5 Gm. of Antabus daily were to excrete only 20 per cent 
of the Antabus in the urine, it would be present in the concentration of approxi- 
mately 100 ng per milliliter assuming 1 liter total daily output, and would be 
detectable by this method. Therefore, we can conelude that if Antabus is 
excreted at all by way of the urinary tract, not more than 20 per cent of the 
drug will leave the body by this route. 

Although there was no apparent correlation between the dosage and the 
blood level obtained in patients, the animal experiments indicated that in gen- 
eral a higher blood level could be expected with increase in dosage, at least for a 
short period of time. 

It was hoped that a method could be devised which would aid the elinician 
in determining whether or not the patient was taking his Antabus as prescribed, 
since aleoholics are unreliable in conscientiously taking any type of medication. 
Due to the lack of any significant blood level, more than a few hours after the 
administration of the drug, a blood analysis is only oceasionally of value. 
Additional confirmation to the lack of correlation between blood level and 
ingestion was obtained among certain of our inpatients who failed to show 
measurable blood levels of the drug when the ingestion of the drug had been 
carefully ascertained, 

SUMMARY 


A quick reliable spectrophotometrie method for the determination of 
Antabus in whole blood and plasma has been developed. 
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Antabus disappears rapidly from the blood stream of rabbits who have been 


administered doses as high as the LDso (1 Gm. per kilogram). 

There is no correlation between blood levels of Antabus and the amount of 
drug ingested. 

There is apparently no accumulation of Antabus in the tissues of patients 
undergoing Antabus therapy. 


Acknowledgment is made to the Ayerst, McKenna & Harrison Limited, New York, 


N. Y., for the Antabus used in this study. 
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The Fisher Isotemp Incu- 
bator is a member of the 
popular Isotemp line of con- 
stant temperature appli- 
ances. 


Front of the Incubator is 
a sturdy aluminum costing; 
the top, sides and back are 
steel. The outside finish is 
oven-baked black and gray 
crackle enamel. 


The Fisher ltsotemp Incu- 
bator chamber is 18x15x18 
inches. It operates on 115- 
volt AC. and sells for $215. 


Plants and complete stocks of Laboratory 
Instruments, Apparatus, Reagent Chemicals, 
Furniture and Supplies at: 


PITTSBURGH NEW YORK ST. LOUIS 
WASHINGTON MONTREAL TORONTO 


The desired uniform, constant temperature is 
maintained in the Fisher Isotemp Incubator 


because of a unique arrangement of three 


heating elements, precise thermostatic con- 


trol, aluminum interior and heavy glass wool 


insulation. 


Exhaustive tests have proved that the greatest 
variation of temperature at any point in the 
Incubator is within +0.5°C. from the average. 


In this incubator the operating temperature 
is as uniform as that usually found only in 
costly water-jacketed type incubators, Its tem- 


perature range is “room” to 90°C, 


Write for data! 


FISHER 


SCIENTIFIC CO. 
717 Forbes Street, Pittsburgh 19, Pa. 
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